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INTRODUCTION 
The life history of the causal organism of honeysuckle 
leaf blight is not well understood, nor is very much known 
about the prevalence, distribxition and destructiveness of 
the disease. Cominonly associated with this leaf blight of 
Lonicera species are two spore stages of the pathogen. 
The conidial stage is a Glomerularia (G_j_ lonicerae (Peck) 
Dearneas and House ) and the other stage is a basidiomycete. 
Whereas the former has been Imown for many years, the 
latter was discovered^ only recently and is as yet un-
described and unnamed. 
The pathogen causes a typical leaf blight which appears 
infrequently during spring but usually becomes prevalent and 
destructive in June and July, Recurrent outbreaks often 
occur during the remainder of the growing season, frequently 
on Lonicera tatarica L,, L. Morrowli A, liray, and L. be 11a 
Zab, and occasionally on other species such as L, sempervi-
rens L, Under favorable conditions for the pathogen it is 
not Tincommon for 10 to 25 percent of the younger folinge to 
be destroyed. Such leaf destruction would be expected to 
reduce growth, but an even more important effect is the 
production of an unsightly condition of the honeysuckle 
*By James Sinden, State College, Pennsylvania, Private 
communication, 1P40, 
bushes. This disease occurs in most of the northeastern 
states and adjacent provinces of Canada, but reports of its 
presence and destructiveness in these areas have been quite 
fragmentary. The following study is an attempt to con­
tribute to our knowledge of the life history of the causal 
organism, the host-parasite relationship, the Influence of 
environmental conditions on the response of the pathogen 
and the extent of damage to the host. 
DISTRIBUTION AND HOST RANGE 
The two species of Glomerularla are distinguished by 
their presence on different hosts according to Dearneas 
and House (lOj, Slomerularia lonlcerae Is found only on 
species of Lonlcera whereas G. cornl is confined to species 
of Cornus. The present investigations were primarily 
limited to the former fungus. 
The geographic range of G, lonlcerae roughly comprises 
the northeastern and north central portions of the United 
States and adjacent areas of Canada, The states in which 
the fungus has been found are Massachusetts, New York, 
Michigan, Wisconsin, Iowa ond the following provinces of 
Canada: Ontario, l^uebec. Prince Edward Island, Manitoba 
and New Brunsvrlck. Glomerularla lonlcerae "has also been 
reported In Newfoundland, 
The known host range of G, lonlcerae is recorded In 
table 1. Thirty-five species and varieties of Lonlcera are 
listed, of which twenty-six are new. Infection trials 
showed that Symphoricarpos albus was also susceptible. 
Comparative tests of the susceptibility and resistance of 
several species and varieties of Lonlcera have also been 
made, and the results are recorded in a later section of 
this paper. 
Table 1. Host range of Glomerularla lonlcerae on species of Lonicera and 
Symphoricarpos. 
Investigations by Author 
Host® Literature Communica- Natural Artificial 
tions infection® Infection^ 
Lonicera species New Brunswick f Wisconsin 
(6,7,8) 
amoena Zab. X X 
bella Zab. X X 
bella var. albida® X X 
bella var. atrorosea Zab. X X 
bella var. Candida Zab. Ontarlo(4) 
Ontario® 
*<tuebecS 
X X 
canadensis Marsh. V,iscon3ln( 9), 
New York 
(10,12.19) 
ifian{tooa(lO 
Newfoundland® coerulea L. 
dioica L. X 
discolor Llndl. 0ntario(4) 
gracilipes Miq, X 
Korolkowii Stapf. X 
^Authorities and spelling after Kehder (Alfred Rehder. Manual of Cultivated 
Trees and Shrubs. Macmillan Co., N.Y. 1940) unless otherwise noted. 
lumbers refer to "Literature Cited." 
^Observetions at the Arnold Arboreteum, Cambridge, Massachusetts (August, 1941 J, 
Iowa State College Campus, and Horticultural Farm, Ames, Iowa (1940 and 1941). 
'^Results of greenhouse and field inoculations, Ames, Iowa (1940 and 1941 
®Name listed without authority in Standardized Plant Names, 2d. ed., Kelsey, 
H. P, and W. A. Dayton, J. Horace McFarland Co., Harrisburg, Pa., 1942. 
^'Dorothy E. Gould. Puyallup, V/ash. Observations and collections during 
summer, 1941, Lake Geneva, Wis. Private communication. 1941. 
8D. H. Linder. Cambridge, jMass. Specimens of Glomerularla lonlceree in Farlow 
Cryptogamic HerbariiJm, Harvard University, Cambridge, Mass. Private communication. 
1941. 
Table 1. (Continued ) 
Host Literature Coimnunl ca­
tions 
Investisationa by Tvuthor 
Natural ArtIficial 
infection infection 
Lonicera species (continued) 
Korolkowii var, floribunda 
Nichols. 
Maackii Max. 
minutiflora Zab. 
Morrowii A. Gray 
Morrowii var. xanthocarpa 
Teus. 
muendenienais Rehd. 
nervosa Max, 
notha Zab. 
oblonglfolla (Gold. ) 
Hook. 
orientalis Lam. 
prolifera (Kirchn. ) Rehd. 
prostrata Rehd. 
quinquelocularis Hardw, 
Ruprechtiana Reg. 
Wiscon3in(9) 
Ontario (4 ) 
X 
X 
X 
X 
X 
X 
X 
X 
X 
serapervirens 
tatsienensis 
tatarica L. 
L. 
Franch, 
<ciuebec 
Prince 
Is land 
( 5 , 6 , 7 J  
Edward 
(7 ) 
Michigan 
X 
X 
X 
X 
X 
X 
X 
X 
X 
Manitoba ( 1 ) 
^I, E, Melhus. Ames, Iowa, Observations during 1941 STimmer Phyto-
pathological meetings. Michigan. Private communication. 1941, 
Table 1. (Continued) 
Host Literature Communica­
tions 
Zhveatigaticns by Author 
Natural Artificial 
infection infection 
Lonicera species (continued) 
tatarica var. alba Loissl 
tatarlca var. angustifolla 
(Wend, ) Kirchn. 
tatarica var. grandiflora 
tatarica var. latifolia 
Loud, 
tatarica var. paliens Rehd. 
tatarica var, rosea Reg. 
Vilmorinii Relid. 
Symphorlcarpoa albus Dlako 
Iowa (ii) 
iowa 
7: 
X 
X 
X 
X 
X 
X 
X 
I 
I 
^G, C, Kent. Amen, Iowa, Observations at Mt. Arbor Nurseries, 
Shenandoah, Iowa, 1940. Private communication. 1940. 
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SYMPTOMS AND SIGNS 
Soma of th® firat honeysuckle leaves to develop in the 
springs of 1940 and 1941 exhibited typical leaf blight 
symptoms. Such leaves were confined to scattered shoots on 
which iisually all leaves were diseased^ They were rolled, 
twisted, smaller in size than nearby healthy leaves and, 
unllk© leaves Infected later in the spring, they were en­
tirely diseased as a rule. Since these first shoots bear­
ing diseased leaves were few in number, they usually were 
overlooked imless a definite search was made for them. 
They were somewhat more numerous on branches that had been 
severely diseased the previoTis fall, but otherwise no 
definite localization was noticeable. 
These diseased shoots provided a source of inoculum 
which Initiated another and more abundant infection. Re­
current Infections resulted in an abundance of diseased 
leaves by early summer. Additional spread of the pathogen 
also occurred under favorable conditions during the re­
mainder of the growing season, and by fall entire hedges 
were often a mass of rolled, twisted, diseased leaves. 
Observations during the summer of 1P40 of the position 
of naturally diseased leaves on individual branches failed 
to reveal any relationship between position and number of 
-3-
diseased leaves. Likewise, there was no relationship be­
tween position of branches on bushes and number of diseased 
leaves, with the exception that branches such as the upper 
ones that produced new leaves several times a season were 
often the most severely diseased. When separate bushes were 
compared with each other it was found that those In loca­
tions conducive to development of new leaves several times 
a season usually were more diseased than others. 
Symptom development was essentially the result of a 
gradual spread of the pathogen In Infected tissues. The 
diseased portions, usually at leaf margins and involving 
only parts of the leaf, progressively became yellow-green, 
tan and brownish-black In color. Both diseased leaves and 
shoots bearing such leaves were generally shorter than com­
parable healthy leaves and shoots. For Instance, when 
measurements were made of eighty-five pairs of leaves, where 
one of a pair was healthy and the other diseased, the aver­
age length of the latter was 4.6 mm. less than that of the 
former. 
Similar differences were found when the growths of 
healthy and diseased shoots were compared with each other. 
Results of two experiments showed that healthy shoots grew 
an average of 45 mm. whereas diseased shoots grew only 33 
mm. The difference in relative growth of diseased and 
healthy shoots of the same initial size depended upon 
-9-
whether such shoots became infected when they were young, 
middle-aged or old. In an experiment which supplied the data 
to substantiate this statement, the lengths of 157 shoots 
were measured when the plants were exposed to infection and 
again after thirty-two days. The healthy young, middle-aged 
and old shoots were respectively 3,8u longer, 30,9u longer 
and 5.2u shorter than the diseased shoots. These data sub­
stantiate results of the previous experiments and also show 
that infection of middle-aged shoots caused the greatest re­
duction in growth rate. This can be explained by the fact 
that at the time of exposure to infection most of the leaves 
on middle-aged shoots but only a few on the younger shoots 
were susceptible. Most of the leaves on the younger shoots 
were never exposed to infection since they were within the 
bud at the time of such exposure, whereas on the older shoots 
most leaves were too mature to become infected. The lack 
of any adverse effect on growth of the old diseased shoots 
probably can be attributed to experimental variation since 
only twenty-two shoots were measured in this set. 
The first symptom usually observed was s slight yellow­
ing of the diseased portion of the normally green leaf. 
This appeared ten to eighteen days after exposure to infec­
tion, Occasionally the color change was preceded by a very 
slight rolling or crinkling which developed eight or more 
days after repeatedly exposing very young leaves to 
-10-
basldlospores. 
The yellow-green diseased area oocame tan colored with­
in three to six days, but the color change was not uniform 
over the entire area. The veinlets and small portions of 
the Islands bounded by the veinlets became tan or brown 
sooner than the other parts. This gave the diseased area a 
somewhat speckled appearance when viewed with a dissecting 
microscope. Such a development was caused by necrosis of 
scattered cells. In contrast to the appearance of the 
veinlets, the veins retained their green color until the 
remainder of the diseased area had turned brown (Fig. 1). 
Advanced stages of the disease appeared as necrotic, dry, 
dark brown areas involving either an entire leaf or por­
tions of it. Leaves with large diseased areas usually be­
came rolled and twisted (Pig. 2), and often fell earlier 
than healthy leaves. The yellow-green borders between the 
diseased and healthy tissues were very indistinct in the 
earlier stages of infection but became slightly more 
definite later. 
The rate of spread of the diseased area, as indicated 
by symptom development, was determined for nine Lonicera 
be11a alblda leaves in the greenhouse for sixteen consecu­
tive days during January. The average Increase in size of 
the infected area per day was 4,0, 4.5, 0.9, 0.7, 0,8, 0,8, 
1.1, 3.2, 1.2, 2.1, 3,3, 1.0, 2.0, 0.9, 1.8 and 0.6 mm. 
Pig. 1* Typical symptoms on infected Lonlcera bella 
albida leaves. " " 
Pig, 2. Leaves destroyed on L, "bella albida as a 
result of a heavy InTection of young leaves, 
Figure 1 Figure 2 
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The average rate of spread for the entire period was 1.8 
mm. per day. 
Symptoms were essentially similar on different hosts. 
Those hosts that were partially resistant, such as Lontcera 
sempervirens and Symphorlcarpos albus. exhibited symptoms 
which were similar in type but leas marked than those on 
the very susceptible hosts, such as Lonicera Morrowii. 
The type of symptcans on leaves of similar age was the 
same regardless of the season of year when observations were 
made. Infection of young leaves generally resulted in 
necrosis of the entire leaf, whereas infection of almost-
mature leaves was more localized. Mature leaves were not 
Infected. 
Signs of the disease were confined to the sporulating 
stages of the causal agent. These ware of two forms: 
basidia (Pig. 3) and conidia (Fig. 4 J. The former appeared 
before the latter and always developed on the diseased por­
tion, usually the lower surface of the leaf, under humid 
and moderate temperature conditions. Appearance of these 
baaidia, as evidenced by a thin, whitish layer, did not occur 
until the tan disease stage was reached. Such basidial-
bearing leaves were observed in the spring, summer and fall 
during and/or after every period of prolonged precipitation. 
The conidial stage, which was less common than the 
basidial, appeared as a white powdery mass on either surface 
Pig, 7), White layer of basldia on lower surface of 
Infected Lonicera bella alblda leaves. 
Pig, 4. Powdery white layer of conidia on lower 
surface of diseased Lonicera bella alblda 
leaves. 
-15-
Plgure 3 
Figure 4 
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of the leaf, but more frequently on the lower. It developed 
moat abundantly on leaves that were entirely diseased and 
in a shaded location. Conldia-bearing leaves always could 
be found during the summer, fall and early winter on the 
ground beneath bushes that had borne diseased leaves. In 
such locations the leaves that were covered by other leaves 
and thereby kept moist bore the most conidia. 
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DEVELOPMENT OP THE PATHOGEN ON THE HOST 
To learn more about the life cycle and host-parasite 
relationships of the causal agent of honeysuckle blight, 
studies were made of diseased leaf tissues, the method of 
formation of baaidia, basidiospores and conidia, the 
factors affecting such formation, and the amount of inocu­
lum produced under optimum conditions. 
Host-Farasite Relationships 
Most of the histological investigations were made with 
sections of diseased leaves killed in a weak chrome-acetic 
acid-formalin solution, dehydrated in dioxan and sectioned 
in paraffine. These were stained with safranin-fast green 
to demonstrate general structure, or iron-hematoxylin to 
show the nuclei. Sections were cut from 5 to 18u thick, 
depending upon the type of structure to be examined. The 
shape and septatlon of certain structures, such as basidia, 
were best revealed by mounting sections in a solution of 
lactophenol and cotton blue. The nuclear conditions in 
spores and germ tubes were best demonstrated by collecting 
spores on slides coated with a thin agar or gelatine, allow­
ing the latter to partially dry Just before treating with a 
killing solution and then following the general staining 
18-
procedure. 
To observe host-parasite relationships at Intervals 
after Infection, leaves of Lonlcera bella albIda that were 
collected three, eight, twelve, fifteen and twenty-two days 
following exposure to Infection were killed and sectioned. 
These exposures were made during the winter on plants In 
the greenhouse, and the cool end cloudy conditions at that 
time delayed the appearance of symptoms and of basldla. 
The latter appeared on the twentieth day whereas under 
warmer conditions they usually appeared about the fifteenth 
or sixteenth day. Histological studies were also made of 
other leaves exhibiting basldla in order to substantiate 
the results found in the twenty-second-day set. 
Mycelium was not observed prior to the twelfth day, 
although hundreds of sections from the third and eighth-day 
sets were examined. On the twelfth day mycelium was con­
gregated in the xylem tissue. Three or four hyphae often 
were present in tracheids in the veins, but only one or two 
in tracheids of the veinlets (Pig. 5A and 6B). Inter­
cellular mycelium was not found. 
Sections of the fifteenth-day set exhibited abundant 
intracellular mycelium within the tracheids and also some 
intercellular mycelium in the spongy mesophyll and palisade 
tissue (Fig. 5D), Hyphae were also present within dead 
upper epidermal cells, border parenchyma and other mesophyll 
Fig. 5, A and B. Intracellular mycelium in trachelds. 
C. intracellular mycelium in meaophyll above 
vein. 
D. Intercellular mycelium. 
E. Development of hyphal masses in upper 
epidermal cells. 
(1 to 5) from cross section, 
(6) from surface view of leaf. 
Stippled masses in host cells 
represent gum-like deposits. 
-20-
Plgure 5 
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cells (Pig. 5C and 5E), 'Phis indicated that the hyphae 
probably penetrated from the tracheida through dead border 
parenchyma cells and thence into Intercellular spaces. 
Hyphae within border parenchyma and mesophyll never com­
pletely filled the cells as they usually did within the 
upper epidermal cells. 
By the twenty-second day intercellular hyphae were 
very abundant, and numerous upper epidermal cells were 
filled with hyphae. Basidia were present on the lower leaf 
surface, arising from hyphae in substomatal cavities. 
Both intercellular and Intracellular mycelia were 
septate, hyaline, occasionally branched and lacked clamp 
connections. The older portions of such mycelia were prac­
tically devoid of protoplasm whereas the younger growing 
tips were densely filled. Measurements of 100 hyphae gave 
a range of l,4)i to 3,lja and an average of 2.2-p. in width. 
Some of the intercellular hyphae congregated in the sub­
stomatal cavities, giving rise first to basidia and later to 
conidia. Each intercellular space between the palisade 
cells in the diseased area was usually occupied by a hypha 
by the time that basidia had formed. Some of these hyphae 
penetrated Into upper epidermal cells, giving rise to the 
cellular hyphal masses. 
Host cells were noticeably affected by presence of the 
pathogen. In sections of the twelfth-day set, scattered 
•22 
dead border parenchyma cells and other mesophyll cells were 
found adjacent to or near veins containing mycelium. Many 
more cells were dead by the fifteenth day, and, as before, 
moat of these were border parenchyma, but a few were meso­
phyll and epidermal cells. Cells Into which hyphae had 
penetrated, such as those of the upper epidermis, were always 
dead. By the time that conidia had begun to develop, the 
lower epidermal cells were almost all collapsed, as well as 
many cells in the spongy mesophyll and some in the palisade 
and upper epidermal layers. Very often at this stage all 
cells in a certain area, such as that above veins, were 
dead. Sections of the twenty-second-day set exhibited numer­
ous dead cells. Most lower epidermal and many spongy meso­
phyll cells were so crushed at this stage that in cross 
section they often could not be distinguished from hyphae, 
Hyphae were ordinarily found in close association with 
dead cells, sometimes in contact and sometimes within the 
cells. Some dead cells, however, were observed not in con­
tact with hyphae, and some healthy cells were found in con­
tact with the fungus. As a general rule, though, it 
appeared that contact of a hypha and cell soon led to death 
of the latter. 
Dead cells were ordinarily very conspicuous by the 
presence of a very dark-staining gum-like mass in them. 
Such a mass often rendered observation of mycelium within 
such cells very difficult and sometimes impossible. 
-23-
Pormatlon of Cellular Hyphal Masses 
in Upper Epidermal Cells 
Diseased tissues contained both Intercellular and 
intracellular mycelium. The latter occurred occasionally 
in border parenchyma and other mesophyll cells and very 
commonly in upper epidermal cells. Two other related fungi 
are laiown to form similar masses of hyphae in scattered 
host cells. The one beat known is Ilerpobaaidium filicinum 
(R. ) Lind for which first Lind ( 14) and later Jackson ( 
described and illustrated the binucleate hyphae as coils, 
at first hyaline and later brownish. Lind suggested that 
they might be reservoirs of nutritive materials, end 
Jackson referred to them as hauatoria. Lind (15) also de­
scribed similar hyphal coila in the other species of 
Herpobasidium, H. struthlopteridis (R. J Lind. Such struc­
tures appear to be characteristic of the genus ilerpobaaidium. 
The formation of hyphal inasses in honeysuckle leaves 
generally took place in upper epidermal cells above velna 
or veinlets. They usually arose from one binucleate hypha 
which penetrated into the cell from intercellular binucleate 
mycelium in the palisade parenchyma. The host cells were 
always dead at the earliest observed stage of hyphal pene­
tration, and the protoplasm was gum-like and usually massed 
In the lower portion of the cell. Continued development of 
the hypha resulted in fortration of a compact hyphal mass 
-24 
completely filling the host cell and somewhat distending 
the walls. When such a mass was examined from a surface 
view of the leaf the hyphae appeared more or less coiled. 
Most of the cells of such hyphae were filled with protoplasm 
of moderate density, but the hyphal tips, which were congre­
gated near the upper host wall, contained very dense proto­
plasm. The hyphal cells were blnucleate. 
Continued enlargement of the hyphal mass ruptvired the 
upper epidermal cell wall. Several hyphal tips then emerged, 
becoming slightly constricted as they did so, and grew out 
over the leaf surface for a short distance, i.e., about 
twice the length of the host cell. Under very moist condi­
tions they developed to five or ten times their normal 
length, becoming septate and sometimes branched. Such bl­
nucleate protruding hyphae never were observed to bear 
spores or to penetrate adjacent cells. 
Developnent of Basidia 
The basidia1 stage was first noticeable on the lower 
surface of the leaf as a thin, whitish, appressed layer 
consisting of basidia arising from internal mycella. This 
layer became more intensely white and somewhat thicker 
under continued moist conditions , a circumstance attributa­
ble to abnormal elongation of basidia and sterlgmata, and 
germination of discharged basldiospores lodged on the leaf 
25-
surface. There was no evidence of a mycelial layer compara­
ble to a rudimentary hymenlum» 
Basldla arose in the aub-stomatal cavities from hyphae 
which were few in number at first but later became very 
abundant (Fig. 6A and 6B), A few basidia were observed in 
which their connection with hyphae could be definitely 
traced and the shape of their basal portion ascertained. 
Some of the latter were straight and cylindrical in shape 
(Fig. 6Dj, whereas others were somewhat swollen at the point 
of contact with guard cells (Pig, 6C), Such swellings ap­
peared to be a result of pressure rather than of normal de­
velopment. 
The basidia emerged from stomata as straight cylindri­
cal structures which became curved upon continued growth 
iintil they were semi-circular in shape and touched, or al­
most touched, the leaf surface (Fig. 6EJ, The diameters of 
these **semi-clrcles" ranged from lA»Oyi to 35.1^ with an 
average of 23.4ja in measurements of 30 basidia. The width 
of these basldla ranged from 2.3^ to 5,8;i with an average 
of 4.^ . 
Pour small protuberances next appeared on the curved 
basidia at more or less regular intervals and developed 
into conical sterigmata. Measurements of 45 of these 
ranged in size from 7.(^ to 16,^ by 1.?^ to with an 
average of 10.^ by 2*6^, Under extremely moist conditions 
Pig, 6. Basldlal stage. 
A and B, Extent of mycelium within leaf at 
time of basldlal formation. 
C, Immature basldium with swollen base. 
D, Immature baaldltmfi with straight base, 
E, Stages in develojwnent of basldium. 
P. Nuclear cycle during basldlal development. 
(J. (1) baeldlospores, (2) uninucleate 
sporldia, (3) germ tubes, (4) secondary 
spores. 
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the sterlgmata continued to elongate without producing 
spores. Three or four septa appeared in the basidium soon 
after initiation of aterigma formation, and the development 
of spores soon followed. Basidlal cells at this stage were 
rather highly vacuolated as contrasted to the dense proto­
plasmic condition in the young basidia. The basidia col­
lapsed soon after spore discharge, iiasidia continued form­
ing and emerging from sub-stomatal hyphae until often six 
or more were present at each stoma. Such a development 
usually resulted in rupture of the adjacent host cells which 
had already been killed, 
Basidia usually developed on lower leaf surfaces under 
natural conditions, but when diseased leaves were inverted 
and placed in a moist chamber the basidia appeared on the 
upper siirface. Under such conditions they developed from 
hyphae within the upper epidermal cells and became inter­
mingled with the hypliae protruding from the cellular hyphal 
masses. 
The nuclear cycle in the basidium was similar to that 
of many of the Basidiomycetes. Prom the binucleate mycelium 
below the stamata a pair of nuclei migrated into the young 
basidia as they emerged from the stomata (Fig, 6F), These 
nuclei fused, the fusion nucleus divided, and the resulting 
two nuclei migrated to opposite ends of the basidium. This 
occurred about the time that sterlgmata began to form. 
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Theae nuclear stages were observed rather frequently, but 
the next stage, that of the second nuclear division, was 
seen only two or three times. After the second division 
cross walls developed forming four uninucleate cells. Each 
nucleus migrated from the baaidial cell into the spore when 
the latter was about half mature, and the nucleus became 
definitely elongated as it passed through the narrow portion 
of the sterigira. The nuclei were relatively small in com­
parison with nuclei of host cells and were often difficult 
to discern. Distinct chromosomes, which were apparently 
few in number, were observed only a few times. 
Development and Discharge 
of Basidiospores 
Basidlospores first appeared as small hyaline pro­
tuberances at the end of sterigmata and enlarged gradually 
until they reached mature spore size. Discharge followed 
formation of a water drop near the jtmction of the spore 
and sterigma. The mature spores were hyaline, uninucleate 
and cylindrical with rovinded ends except for the presence 
of an apiculus at the attached end (Fig. 6Glj, Only one 
spore was produced on each sterigma. One hundred basidio­
spores collected on plain agar and measured immediately 
ranged from 8.9>i to 12,^ by 5,2)1 to 7,6;i with an average 
of 10.9ju by 6.6;a in size. 
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Relation between stage of dlaeaae and basldloapore formation. 
Various factors were tested for their influence on 
basldloapore formation and discharge to determine the exact 
conditions required for the production of sufficient inocu­
lum for Infection trials. The relation between the stage 
of disease and baaidiospore development waa teated by the 
following method. Diseased leaves that did not exhibit 
basidia were divided into four lots ranging in stages of 
disease from yellow-green to brownish-black. These leaves 
(40 to 50} were then affixed with agar to the inner side of 
the lid of a Petri dish, the bottom of which waa partially 
filled with 2 percent plain agar to maintain e high 
humidity. The dishes were placed at 20°C. and were ex­
amined daily for spore discharge from each leaf, as evi­
denced by a visible deposit on the agar beneath the leaf. 
Results appear in table 2, 
Basidia and basidlospores did not form on leaves until 
the infection had developed to the point where the tan 
stage of disease was evident. By this time the fungus had 
reached a stage of development where sporulation occurred 
within twenty-four hours when auch leaves were placed at 
20°C. in a moist environment# 
Table 2. Relation of stage of disease to basldlospore 
formation. 
Stage 
of 
Percentage of diseased leaves with actively 
discharging basidia 
Number of days after beginning of experiment 
Disease 1 2 3 4 5 16 
Yellow-green 0 14 50 84 90 90 
Yellow to 
light tan 26 60 94 100 100 100 
Tan 92 100 100 100 100 100 
Brownish-black 92 100 100 100 100 100 
Effect of temperature on basldlospore discharge. 
The failure of toaaidlospore discharge to occur on very 
hot days during the autnmer indicated that temperature might 
be en Important factor affecting basidial development and 
bnsidiospore discharge. The measurement of temperature 
effect on basidial formation caused some difficulty. A 
direct count of the ntimber of basldia proved impossible be­
cause of the entangling of basidia and also of germ tubes 
from basidiospores germinating on the leaf surface. There­
for© an indirect method was adopted whereby diseased leaf 
areas which did not exhibit basldia were placed in Petri 
dishes according to the method described on page 30 and 
transferred to different temperatures. The spores were 
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counted after the first few hours of discharge. By this 
method the optimum temperature for baaidial formation was 
found to range from 12° to 18°C, Such results should he 
considered merely indicative, however, because wjth the 
method used, temperature undoubtedly influenced basidiospore 
development and discharge as well as basidial formation. 
The effect of temperature on spore discharge was de­
termined in much the same manner as was the effect of stage 
of disease, only the dishes were first placed at 20°C. imtil 
discharge had begun. The bottoms of the dishes were then 
replaced with other bottoms containing plain agar and the 
dishes held at different temperatures for three to twenty-
eight hours. 
At the end of the period allowed for spore discharge, 
th® dishes were removed from the incubators and immediately 
examined, A spore deposit was present on the agar beneath 
each Infected leaf area in almost every case. The spores 
were counted under the high power microscope ob,-|ective in 
the region of greatest spore deposit from each leaf. These 
counts were then averaged for each temperatiire. 
The results of these experiments indicated that optimum 
temperatures for spore discharge fell between 14° and 21°C,, 
a range about two degrees above the optimum temperature 
limits found for basidial formation. These data are con­
densed into five-degree Intervals In table 3. Minimum and 
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Table 3. Effect of temperature on basldioapore discharge. 
Average number of spores discharged at different 
temperatures (centigrade) 
No. 1°. 
56 
6°-
10° 
11°-
16° 
16°-
20° 
21°-
25° 
26°-
30° 
31°-
35° 
76°-
40° 
1 «««• — 800 550 — 12 — — 
2 5 — 470 400 — 16 — — 
3 — 180 179 1040 93 0 16 — 
4 — — 9 520 293 63 6 — 
5 62 — 462 — 695 42 — 6 
6 — 
- -
693 728 658 
7 14 — 627 1633 — 350 17 — 
8 — 59 845 1500 49 27 " — 
9 — 280 1287 1067 350 14 — — 
10 15 76 1007 1893 137 7 — — 
11 - - 4 4 143 100 
12 — 19 15 120 112 mm — — 
maximum temperatures were apparently below 1°C., and above 
37®C,, respectively, since some discharge occurred at escb 
of these temperatures. The spores that were discharged 
were so few in number, however, that it Is probable that 
very little discharge would occur normally at the latter 
temperatures. After Petri dishes were placed in the incu­
bators some time probably elapsed before the leaves became 
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adjuated to the new temperatures. During the transition 
period, temperatures would have been favorable for spore 
discharge. 
Another experiment was conducted to determine the dura­
tion of basidiospore discharge from diseased leaves at 
various temperatures. The methods and materials were similar 
to those used in the previous experiment. Leaves exposed to 
infection eighteen to twenty days previously were placed In 
moist chambers until spore discharge had begun. Five Petri 
dishes, each containing four leaves, were placed at each 
temperature and the discharge of spores checked daily. Dis­
charge continued for the longest period of time at 11®C. 
(8 days j and for the shortest period at 25°C. (1 dayj. At 
5®C, and 18°C, the period of discharge was intermediate 
(7 and 6 days respectively), Generel laboratory observa­
tions substantiated these results indicating that discharge 
continued longer at cool than at warm or cold temperatures. 
Effect of relative humidity on basidiospore discharge. 
The effect of relative humidity on basldlal formation 
was determined by means of the indirect method described 
mder temperature relations. The results showed that most 
basldlal development occurred at relative humidities of 
89.9 and 100 percent. However, the same reservations must 
be applied to these results as were applied to those on 
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temperature influence. That Is, with the Indirect method 
used the relative humidity probably influenced baaidloapore 
formation and discharge as well as basidial formation. 
The relationship between relative humidity and baaidio-
spore discharge was determined in the following manner. A 
pair of diseased leaves, attached to two Inches of stem, 
was placed in a small bottle containing water. After in­
sertion of the stem, mineral oil was poured over the water 
to prevent evaporation. A shelf arrangement of hardware 
cloth had already been fitted to the bottle so that cover 
slips could be placed one-fourth inch beneath the leaves to 
catch discharged spores. These units were placed In a 
moist chamber vmtil spore discharge had begun and then were 
transferred to desiccators of different relative humidities 
produced with sulfuric acid solutions. These desiccators 
were held at a uniform temperature of 15*^0. except during 
the first experiment when they were placed in the laboratory 
at a temperature of 20° to 25®C, At the end of the experi­
ment the cover slips were removed and the spores in the 
area of greatest uniform spore deposit were counted under 
a high power lens. The results from five experiments are 
tabulated in table 4. 
During these experiments the largest number of basldlo-
spores was discharged at relative humidities of 89.9 percent 
and 100 percent, such as would occur naturally during 
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Table 4. Effect of relative humidity on baaldlospore 
discharge. 
Exn Duration Average number of spores discharged at 
* 4_ different relative humidities 
hours 100% 89.9% 80,5% 70,4% 49.0% 
1 49 333 347 44 42 17 
2 12 550 210 0 34 0 
3 19 1140 1100 0 400 0 
4 24 1150 180 0 160 0 
6 9 600 130 0 20 0 
6 7 270 260 260 158 123 
^Each flgTjre represents the average of coiints of 
two deposits. 
periods of precipitation or on cool nights following warm 
humid days. The discharge of a few spores In every trial 
at 70,4 percent "but In only two of six trials at 80.5 per­
cent may possibly be due to the initiation of certain 
physiological reactions set In action at 70.4 percent and 
resulting in the discharge of immature spores. The re­
sults of experiment number 6 are aberrant, and the only 
explanation that can be suggested is that an unobserved 
fluctuation of the temperature occurred. Since the humidity 
around each leaf probably was increased somewhat by 
transpiration in these experiments, it is unlikely that 
much discharge occurs under natural conditions at a rela­
tive humidity lower than 90 percent. 
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Number of baaIdlospores formed. 
The total number of baaidlospores discharged from one 
Infected leaf area was determined by the following experi­
ment. An Infected leaf section 9 by 19 mm. that did not 
exhibit baaldia was placed inside a Petri dlah according to 
the method described on page 30. The spores that collected 
on the agar were examined at Intervals. Ten portions of the 
spore deposit area were counted and averaged to obtain the 
figures given in table 5, The data indicate that one requi­
site for initiation of a local epiphytotlc, namely abmdant 
Inoculum, might possibly be supplied by a very few diseased 
leaves. The data also indicate that discharge from a 
Table 5. Discharge of basidiospores from one diseased 
leaf section. 
Interval 
of 
discharpie 
Number of 
hours per 
interval 
Average number 
spores discharged 
per hour 
Total discharge 
per leaf 
section 
First 37 17,285 639,540 
Second 28 5,313 143,770 
Third 26 7,169 186,390 
diseased leaf continues over a period of time, rather than 
occurring all at once. An additional examination of the 
leaves showed that the discharge continued for some time 
from the same diseased ares, rather than in succession from 
different parts of the diseased area. 
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Development of Conldia 
Developmental studies. 
Conidlal development followed basidlal formation on 
the same area or at the margin of it. Gonidia sometimes 
"began forming before basidlal production had ceased and 
under such conditions became intermingled with the basidia. 
When abundant, the conidia formed a white powdery layer. 
Conidiophores developed from blnucleate mycelium of 
the same general size and shape as that from which basidia 
had previously formed (Pig. 7A ), The young binucleate 
conidiophores were of the same general shape at emergence 
through the stomata as were basidia, and possessed basal 
portions which were sometimes uniform in size and sometimes 
slightly swollen at the point of contact with guard cells. 
Only one conidiophore usually emerged from a stoma at 
first, but this one was soon followed by several others 
until three or more were present in a clump. 
The young conidiophore was binucleate, cylindrical and 
densely filled with protoplasm (Pig. 73 and 7C), As it 
developed it soon became swollen to about twice its original 
size, and the terminal portion became separated from the 
basal part, first by a slight constriction, later by a 
septum, A binucleate protuberance next appeared just below 
the septum, enlarged to a size approximating that of the 
Fig, 7. Conidlal stage. 
A. Extent of mycelium within leaf at time 
of conidlal formation. 
B, Stages in development of conldia, 
C, Nuclear condition during conidlal 
development» 
D. Conidlal germination. 
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Figure 7 
-41-
terminal portion and was cut off by a cross wall from the 
stalk cell. From each of the two apices two other binu-
cleate protuberances developed in succession. Each of the 
original two cells became transformed into stalks, and the 
four terminal cells developed into spherical blnucleate 
conidla. While the latter were still immature two addi­
tional blnucleate protuberances began to form, one on either 
side and below the junction of the two stalk cells. Such 
structures enlarged and became transformed into sessile 
conldial-like bodies. Instead of being spherical like the 
others, however, they were elongated. Beginning with the 
oldest spores, which were the inner and the smallest ones, 
all conidla became verrucoae as they reached maturity. 
When the conidla dropped off they usually did so as a 
clump, rather than individually. The thln-walled upper 
portion of the conidiophore then collapsed, but the swollen, 
thick-walled basal portion remained erect. 
Measurements of conidla and conldlophores are recorded 
in table 6. Measurements of length and width are given for 
the elongated conldia, but only the diameter is given for 
the other conidla since they were very nearly spherical in 
shape. The three types of spores differed considerably in 
size. Of particular Interest is the fact that the average 
diameter of the inner conidla was 1,^)1 less than that of 
the outer conidla. Other differences between these two 
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types of spores have "been observed and will be discussed 
in later paragraphs. 
Table 6. Measurements of conidla and conldlophores. 
Structure Number Size in microns 
measured Range Average 
Type of conidia 
Outer 75 10.2-17.0 12,6 
Inner 73 8.5-13.6 11,3 
Elongated 36 5.1-13.6X 
11.9-22.1 
9.3x17.0 
Conidlophore 
Width of upper portion 
Width of lower portion 
Total length 
35 
26 
33 
2.7-5.1 
5.8-8.5 
30.6-54.4 
3.7 
7.1 
40.8 
A short time before the terminal cell was cut off from 
the remainder of the young conidlophore, a septum developed 
about midway between It and the conidlophore base. Another 
enlargement usually formed Just beneath this septiom and 
developed into a conidlophore and conldial mass similar to 
that of the original stalk. The protuberance received its 
nuclei by a pair migrating from mycelium within the leaf. 
All later stages were binucleate. This second group was 
about half mature by the time the first group was completely 
developed. Occasionally more than one such branch conidlo­
phore developed from the original stalk, but this was 
unusual. 
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A definite difference of apore reaction was noticed 
with each of the following stains; iron-hematoxylin, 
gentian violet, fast green and cotton blue. The two outer 
spores in each clump were stained darker and their contents 
appeared more homogenous than those of the other spores. 
With the iron-hematoxylin stain the nuclei of the outer 
spores appeared very dense whereas those of the inner spores 
and stalk cells were larger and less dense (Pig, 7C ), These 
reactions were interesting since only rarely did any spore 
other than the outer type germinate when the conldia were 
placed under various conditiona of temperature, light, etc. 
The conldia were definitely "binucleate, but different 
methods usually were necessary to distinguish the two 
nuclei in the different spores. Nuclei in the inner and 
elongated condla were stained best when the spores were 
dusted on agar on a slide, partially dried, killed and 
stained. Nuclei of the outer conldia were demonstrated 
best in leaf sections cut In paraffine and stained. 
Factors affecting formation. 
Experiments to determine the effect of various factors 
on conidlal formation showed that changes of temperature 
and the extent of the disease influenced conidlal formation 
more consistently than any of the other factors studied. 
The effect of the disease was determined by collecting 
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non-conidial bearing diseased leaves and dividing them into 
two lots, one exhibiting the yellow-green to tan color 
stages of disease and the other the brownish-black stage. 
These lots were wrapped separately in moist cheesecloth 
and placed in an incubator at 15°C. After five days conidia 
were present on only 2,5 percent of the 120 leaves ex­
hibiting the early stages of disease, whereas 20.0 percent 
of the 105 leaves exhibiting later stages bore conidia. 
This tendency for conidia to develop most abundantly on 
older leaves has been evidenced in other experiments and 
field observations. 
The effect of temperature on conidial formation was 
tested in three experiments by placing diseased leaves 
under moist conditions at different temperatures. The re­
sults {table 7 j indicate that conidial formation probably 
occurs more abundantly at low temperatures such as 8° to 
18^0, than at higher temperatures such as 23° and ."^l^C, 
The effect of continuous and fluctuating temperatures 
was determined by placing sets of diseased leaves for 
seven days imder moist conditions at 7,5® and 25^0,, and 
alternating another set between 7,5® and 25®C. at two-day 
intervals. The niimbers of leaves placed at each tempera­
ture were 117, 106 and 82, respectively. The percentages 
which developed conidia were 6,0, 0,0, and 2«4 percent, 
respectively. The differences are not considered signifi­
cant. 
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Table 7, Conidial formation at different temperatures. 
Exp 
no. 
Leaves 
tested 5°C.; 
Temperature 
8°C.;11°C.:13°G.;18®C. ;23°C. ;25°C. :31®C 
1 Total number 65 41 38 72 56 
Percentage bear­
ing conldia - 36.4 - 19.5 13.2 9.7 mm 
o
 • 
o
 
2 Total number 20 - 20 . 20 20 -
Percentage bear­
ing conldia 0 50 - 45 0 — 
S Total number 17 37 28 44 • 
Percentage bear­
ing conldia o
 
•
 
o
 
- 18.9 32.1 6.8 
The possibility was recognized that in the preceding 
experiment normal conidial production might have been ad­
versely affected by removal of diseased leaves from the 
plants. Therefore, diseased leaves were left attached to 
plants and exposed to different temperatures. Plants were 
used that had been exposed to infection twenty-two days 
previously and were exhibiting typical symptoms. These 
plants were separated into lots of which one each was 
placsd at the following temperatm?e3: 7.5°, 15® and 25°C. 
After five days they were transferred to the greenhouse 
moist chamber for three more days and then examined. 
Conldia did not develop on leaves in any of the three sets. 
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The effect on conidial production of placing diaeaeed 
plants under different conditions of drying and low tempera­
tures was tested, using plants exposed to infection twenty-
seven days previously and showing typical symptoms. One lot 
of plants was watered, another was allowed to remain un-
watered and both were placed on a greenhouse bench, A third 
lot was placed in an 8®C, chamber and watered. After nine 
days the diseased leaves were removed, placed in a green­
house moist chamber and examined for conldia after ten more 
days. Conidla did not develop on leaves in any of the sets. 
The Influence on conidial production of watering and 
not watering diseased plants was again tested using the 
same general procedure as described above. Conldia de­
veloped on 6.2 percent of the eighty leaves on non-watered 
plants, and on 4.8 percent of eighty-four leaves on watered 
plants. The difference is not conalderecJ significant. 
None of the factors tested except temperature and the stage 
of disease seemed to have much effect upon conidial forma­
tion. Conidial production was quite erratic in most experi­
ments. Such a behavior was also observed on naturally 
infected leaves in the field. Some bushes exhibited many 
diseased leaves with conldia in the fall whereas other 
bushes had but few such leaves. 
-47-
CHARACTERISTICS OF THE PATHOGEN 
IN PURE CUDTURE 
A study was made of the pathogen in pure culture. Pre­
liminary trials had demonstrated that the organism gre*** 
freely, although slowly, on artificial media and therefore 
was not an obligate parasite. Additional experiments were 
made to determine the rate of growth, longevity and sporula-
tion of mycelium in culture. 
Method of Isolation and Type of Orowth 
The causal agent was isolated by the following fotir 
different methods and transferred to carrot decoction agar 
slants: (1) by disinfecting diseased leaf fragments for 
five minutes in O.S percent sodium hypochlorite solutionj 
(2 J by picking off conidia from an infected leaf with a wet 
needle J (3j by single basidiospores; and, most easily, (4) 
by collecting on agar masses of spores from discharging 
basidia. Single spore isolates were made with the biscuit 
cutter type of needle. Only 32 of 102 single basidiospore 
isolates developed mycelium, whereas all 25 mass-basidio-
spore and 25 conidial-cliimp isolates grew. Mycelial growth 
was similar for all three types of isolates. 
Mycelium was hyaline, septate, occasionally branched 
in culture, and lacked clamp connections. Hyphal fusions 
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never «ere observed. Mycelial width ranged from 1.4;a to 
3,7;a and averaged 2,2jx for 208 measurements. This is the 
same average width as that found for mycelia in diseased 
leaves. Aerial mycelium appeared white on agar, and sub­
merged mycelium a very light tan. Two distinct areas of 
surface growth normally were present, a thin peripheral and 
a thick central growth, the latter developing at the point 
of inoculation. Usually the aerial mycelium made a uni­
form, rather loose, pubescent growth, but sometimes it be­
came matted or tufted. The characteristic type of growth, 
with slight variations, appeared on potato-dextrose agar, 
carrot decoction agar, oatmeal agar, commeal agar, malt 
agar, and Lonicera leaf decoction agar, but on sterilized 
Lonicera leaves the growth was thin and villose. 
Rate of Mycelial Growth in Culture 
An experiment was conducted to determine the rate of 
mycelial growth on different sterilized media. The media 
were inoculated in Petri dishes and held at 20°C. for 
twenty-eight days before recording growth. Rate of growth 
was determined by measuring colony diameter. 
The results from this experiment (table 8) indicated 
that rate of growth was greatest on potato-dextrose, com­
meal and carrot decoction agars, Lonicera leaf decoction 
agar apparently inhibited growth. This latter result was 
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intereating in view of the decreased rate of germination of 
basldioapores on similar agar in a few experiments. Carrot 
decoction agar* was adopted as the standard medium for 
cultural and germination tests because it was more trans­
parent than cornmeal agar and stimulated more sporulation 
than potato-dextrose agar. 
Table 8. Comparative rates of mycelial growth on 
different media. 
Culture media Ko.petri dishes 
Average diameter 
In mm. Sporulation 
Carrot decoction 
agar 5 .^ 4 Conidia 
Cornmeal agar 6 43 Conidia 
Lonicera leaf de­
coction agar 1 5 
Lonicera leaves on 
moist sand 12 7 
Malt agar 2 9 Conidia 
Oatmeal agar 4 23 
Potato-dextrose 
agar 6 39 
Mycelial growth was exceedingly slow in culture. The 
rate of growth of mycelia arising from single basidiospores, 
*100 grams of carrot, 10 grams of dextrose and 20 grams 
of agar per liter of solution. 
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from masses of basldlospores and from clumps of conldia 
was determined by the following experiment. Spores, or 
spore masses, -were transferred on agar blocks of the same 
size to carrot decoction agar slants. After twenty-nine to 
forty days the rate of growth was determined by measuring 
the length of mycelial growth In the tube. Results are 
recorded in table 9. 
Table 9. Hate of mycelial growth of different Isolates. 
Isolate niimber and type of spore isolate 
1 2 
• 
; 3 ; £ : 5 
Single :Single tSingle rMass of ;Co-
baaldio­tbasidio-:busidio-•.basidio-tnldial 
spore :spore :spore : spore : clump 
Length of period 
of growth in 
days 40 37 36 56 29 
Number of iso­
lates measured 5 21 7 24 25 
Average total di­
ameter in mm. 5 5.4 5 14.7 8.2 
Average daily 
growth in mm. .12 .15 .14 .41 .28 
The most rapid growth in these experiments arose from 
e mass of basldlospores and the slowest from a single 
baaldiospore. The rate of growth from conldial clumps was 
Intermediate between these two. 
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Longevity of Mycelium In Culture 
Some difficulty wa3 experienced in keeping the organism 
viable in culture. The two factors which were assumed to 
have the greatest effect on such viability were temperature 
and drying of the substratinn. The effect of both were 
tested in the following experiment, Masses of basidiospores 
on approximately equal portions of carrot decoction agar 
were transferred to separate carrot decoction agar slants. 
Eight days later, when all transfers exhibited mycelial 
growth, four tubes were placed In each incubator held at 
the following temperatures: 10°, 18®, 26°, and Four 
more slants also were placed at 18°C, in a dessiccator con­
taining calcium chloride in order to teat the effect of 
drying on viability of the mycelium. Isolates were made at 
intervals from each of these cultures by transferring por­
tions of the mycelium to carrot decoction agar slants. Re­
sults are shown in table 10. 
Mycelium died much sooner at hi^ than at low tempera­
tures. It was no longer viable at 3?°C. at the end of 
thirteen days but was still viable at 10°C. after 147 days 
when the experiment was discontinued. The time of mycelial 
death was intermediate at 18° and 26°C, Cultures that were 
dried rapidly at 18°C, lost their viability much sooner 
than cultures at the same temperature allowed to dry more 
slowly under normal conditions. 
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Table 10, Longevity of mycelium in culture at different 
temperatures. 
No. of days 
culture 
Temperature 
10®C. 18°C. 18°C. in 
desiccator 
26°C. 33°C. 
13 
33 
58 
73 
85 
99 
115 
135 
147 
Pos. tf 
(1 
11 
ir 
If 
II 
It 
It 
Pos. 
n 
•t 
If 
It 
II 
ti 
Neg. 
Neg. 
Pos. 
n 
n 
tt 
n 
Neg. 
Pos. 
n 
ti 
ft 
Neg. 
Neg." 
^Negative Indicates that viable isolates vrere not 
secured from the cultures on or subsequent to this date. 
Sporulation in Culture 
One of the primary objectives of the cultural studies 
was to determine whether one spore form could arise from a 
plating of the other on artificial media. This objective 
was partially achieved in preliminary experiments when 
conldia developed In cultures that had originated from a 
mass of basidiospores, Such results made It desirable to 
determine whether conldia would arise from single basidio-
spore isolates. 
Several platings were made of single basidiospores and, 
for comparative purposes, of masses of basidiospores and of 
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single clumps of conldia. Pairings were made later of dif­
ferent combinations of mycelia from some of the single 
basldiospore isolates. All platings were made from May to 
July, 1941, and examined at intervals ^^ntil February 2, 
1942, when a final examination was made. 
Basidia did not form in any of the cultures, whereas 
conldia developed from all types of isolates. The growth 
of mycelia from single basidloapores was relatively slow, 
and conidial formation, although almost as common, did not 
occur as early as in the other types of cultures. Twenty-
six of the thirty-eight single spores that grew produced 
conldia, Masses of basidloapores gave rise to the most 
rapid mycelial growth and generally produced conidla the 
earliest of any type of culture, about three to six weeks 
after plating. Twenty-one of thirty-two mass basldiospore 
isolates produced conldia. 
The conldia and paired-mycelial cultures grew somewhat 
more slowly than those from masses of basldiospores. Four­
teen of twenty paired cultures developed conldia, which was 
in about the same proportion as evidenced In the preceding 
types of cultures. In these fourteen cultures, however, 
conldia were more numerous than In the preceding types of 
cultures, Conidial Isolates formed conldia both more 
abundantly and in more cultiires. Eleven of fourteen iao-
latea produced conldia. This tendency of conidial Isolates 
Table 11. Production of conidia in culture by various types of isolates. 
Number of cultures exhib-
Plating Spore forms and mycelia Date iting none, few, several. Total 
number plated on agar of and many conidia* no. of 
plating None Pew Several Many cultures 
214 Single basidlospore 5-12-41 0 3 1 0 4 
2143 n It 5-12-41 1 1 0 0 2 
215 It » 5-15-41 1 4 3 C 8 
215S n ti 5-15-41 2 5 1 0 8 
215- Ur It 5-15-41 2 1 0 0 3 
216 n It 5-16-41 1 2 1 0 4 
216S R If 5-16-41 3 0 0 0 3 
2163 It 5-16-41 1 1 0 0 2 
221G- n It 7-6-41 1 2 0 1 4 
Pairs Faired cultures of 
mycelia from single 
basidlospore isolates 7-25-41 6 8 3 3 20 
217 Mass of basidlosporea 5-16-41 1 10 7 0 18 
222 n u II 7-15-41 10 4 0 0 14 
218 Single clumps of conidia 5-23-41 7, 9 2 0 14 
Cultures examined February 2, 1942. 
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to develop more conldia than other types of Isolates had 
also heen evidenced In previous cultural trials. Mnny 
isolates of all types failed to develop conidia in these 
experiments and In other cultural trials. This behaviour 
may be associated with that causing the erratic appearance 
of conidia on naturally infected bushes. 
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NAME OF THE PATHOGEN 
The name Glomerularla lonlcerae (Pk. ) D. & H. has been 
applied to the pathogen up to this point for the sake of a 
logical elucidation of its historical and structural charac­
teristics. The discovery of a basidiutn, however, necessi­
tates the use of a name based upon this structure since it 
represents the perfect stage. 
The basidial stage is characterized by curved, four-
spored, transversely septate basldia which emerge through 
stomata from hyphae within honeysuckle leaves, do not form 
hymenia, and develop Intracellular masses of mycelium in 
addition to intercellular mycelium. These characteristics 
place it in the genus Herpobasidiura, one of the Auricularia-
ceae. 
The genus Herpobasidium is composed of two species, 
both parasitic on ferns. It was erected by Lind (14J in 
1908 to accommodate a fungus previously described inde­
pendently as Gloeosporium fllicinum by Rostrup (20 J and as 
Exobasldium Brevieri by Boudler (2 Instead of present­
ing a concise description of the new genus and species, 
Llnd merely gave a general discussion. The most pertinent 
facts contained in this discussion are as follows. 
The fungus begins to appear on fern leaves as soon as 
they reach their mature size, apparently in May or June. 
^See page 60. 
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Hyphae, which have formed in the aub-atomatal cavities, 
emerge through atomata, creep along the epidermis and form 
a non-gelatinous aublculum upon which basidia are produced. 
These areas appear as small white flakes on the under side 
of the leaf and are about 1 mm. thick, 2 mm. wide and 
4 mm. long. The basidia are two-celled and measure x 40-
bOfx. They develop two sterlgmata and two spores, the 
latter of which are pear-shaped, hyaline, unicellular and 
measure 5-8^ x 10-l8;u In size. 
Mycelium within the leaf is both intercellular and 
intracellular. The latter, which occurs in scattered cells, 
develops about the same time as does the sublculum. Such 
intracellular mycelium is colled and at first hyaline, 
later brownish. The organism apparently overwinters as 
perennial mycelium In rhizomes. Jackson (!•') also studied 
this species and found a prevailing blnucleate condition 
prior to basldlal formation. The two nuclei fuse in the 
latter, the fusion nucleus divides once and each of the 
two spores receives a nucleus. He was unable to germinate 
the basidiospores In preliminary experiments. 
Lind (15 J later renamed a parasite on Struthlopteris 
germanlca Wllld, as Herpobasldlum struthlopterldls (Rostrup) 
Lind but failed to accompany it with an adequate descrip­
tion. This parasite resembled H. flllclnum In possessing 
intracellular rolls of mycella and In being apparently 
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perennlal, but differed by causing deformations of the 
host. 
It should bo noted that there are only two species of 
the genus Herpobasidium, H. fillclnum and H, struthiop-
terldis. The Lonicera pathogen differs from both of these 
species. It resembles H, fillclnum by being a leaf para­
site, developing intracellular masses of mycelium, pro­
ducing basidla on non-gelatinous hyphae and causing indi­
rect cortical necrosis. It differs by not possessing an 
exterior subiculum, having four-celled basidla and de­
veloping masses of mycella Instead of coiled hyphae within 
cells, 
H. struthlopteridls was never adequately described 
and therefore a comparison of it with the Lonicera pathogen 
is rather difficult, Llnd merely pointed out that the 
pathogen was parasitic on ferms, caused them to become de­
formed and produced the characteristic rolls of mycelium 
within host cells* Otherwise it was apparently similar to 
M* fillclnum. The honeysuckle pathogen appears to be 
distinct from this species. Therefore, since it differs 
from both H, fillclnum and H, struthi opt er Id is. It is be­
lieved to be a new species of the genus Herpobasidium. 
The specific name selected for the pathogen is folio-
dlatorturn to designate the rolling and twisting of leaves 
which it attacks. The complete name for it then becomes 
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Herpobaaldlum follodlatortum and Is so described. 
Herpobasldlxam foilodlatortum sp. nov, 
flasidia forming a thin effused whitish layer on lower 
leaf surface, emerging through stomata from blnucleate 
mycelium within leaf; at first blnucleate, straight, cy­
lindrical, later four-nucleate, recurved, becoming four-
celled by formation of transverse septa, 2.3-5.8)1 x 14.0-
,"^5.1^; sterigmata conical 1.9-4.7jti x 7.0-16,4p; basldlospores 
uninucleate, hyaline, cylindrical, 5.2-7.5)1 x 8.P-12.9;li, 
often germinating by repetition, later forming sporidia or 
germ tubes, capable of Infecting honeysuckle leaves; 
conidia often developing later in or adjacent to areas 
occupied by basidla, producing In mass a white powdery 
layer, developing from blnucleate conidlophores; latter 
emerging through stoma ta, becoming 5.8-8.5>i wide at base, 
2.7-5.1^ wide at top and 30.6-54.^ long; basal portion 
of conidiophore cut off from upper by septum below which 
a protuberance gives rise to another conidiophore and 
conidia; basal portion thick-walled at maturity, upper 
portion thin-walled and collapsing; conidiophore giving 
rise to six hyaline, verrucose, blnucleate spores, four 
of these spherical and foiled In pairs on stalks, the two 
outer ones measuring 10.2-17.and the two inner ones 
8.5-13.6^; the other two spores forming at junction of the 
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two atalk3, elongated, 5,l-115.6u x 11.9-22,lu; spores 
dropping from conldiophore as a clump; only outer two spores 
capable of germination, this by germ tubes; conidla appar­
ently unable to infect honeysuckles; mycelium in leaf lack­
ing clamp connections, at early stage in tracheids, later 
becoming intercellular, and Intracellular in upper epi­
dermal, scattered border parenchyma, and other mesophyll 
cells; developing in former from binucleate hyphae into 
hyphal masses; hyphae from these masses breaking through 
upper epidermal wall and emerging short distance; organism 
culturable on artificial media. Ames, Iowa, Nov., 1942, on 
Lonlcera bella albida. Iowa State College Herbarium, Type, 
*It should be pointed out that the name, Olomerularia 
lonicerae (Pk. J D, & H, is invalid. This name was listed 
but never described as a new species by Dearness and House 
(10j in 1921. They gave as a synonym for it G, corni var, 
lonicerae Peck, but Peck (18, 19) never published such a 
name, aIt hough he did record collections of 0, corni on 
Lonicera species. 
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aERMINATION OF BASIDIOSPORES AND CONIDIA 
To contribute to our understanding of the life cycle 
of the pathogen, experiments were conducted to determine the 
type of germination of baaidiosporea and conidia. The in­
fluence of environmental factors on spore gemnination was 
tested to determine the optimum conditions for infection. 
In addition, the longevity of spores was determined in 
order to predict the length of time that Inoculum could re­
main viable. 
Type of Germination of Basidiospores 
and Conidia 
Basidiospores and conidia differed considerably in 
their method of germination on agar. The latter germinated 
only by germ tubes, whereas two types of germination were 
characteristic of basidiospores. Some of the latter spores 
formed laninucleate germ tubes (Fig, 6G3 ), and others pro­
duced vininucleate sporidia at the end of slender hyphae 
(Fig, 6(32 J, The formation of each of these germination 
types was often retarded a step by the development of an­
other spore that was similar in shape but slightly smaller 
than a basidiospore. This spore was produced on the end of 
a sterigma-lilce outgrowth from a basidiospore and germinated 
either in situ or after detachment to produce either 
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sporldla or germ tuboa (Pig. 604 J. Normal germ tubes that 
had developed from baaldloapores occasionally produced the 
aterlgma-llke structtires and spores. The shortest period 
foimd for basidiospore germination was one and three-fourths 
hours. Germination usually occurred at the end or side 
adjacent to the aplculus. Basldlospores that produced 
aporldla usually germinated before those that developed germ 
tubes. Both types of germination occurred on water and 
carrot decoction agars, but the sporldlal type was more 
abxindant on the former and the germ tube type was more com­
mon on the latter. Both types developed Into similar my-
cella. 
The conldla were vmlque In that usually the two outer 
spores were the only ones that germinated, but rarely the 
elongated stalk spores developed germ tubes. The germ 
tubes were branched occasionally and blnucleate (Fig, 7Dj, 
Two hours was the shortest time observed for conldla to 
germinate, 
A discussion of Inoculation experiments with basldlo­
spores and conldla Is Included In a later chapter. It Is 
desirable to state now, however, that Infection was readily 
obtained with the former but never the latter spores. 
During preliminary Investigation conldla were found to 
germinate only by means of a germ tube. Since they were 
blnucleate and thlck-walled. It appeared possible that they 
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might function as resting bodies and tinder certain condi­
tions not heretofore discovered give rise to baaldla and 
baaldlospores. Teata were made, therefore, of the germina­
tion of conldla under the following conditions, but the 
method of germination was unchanged: (Ij In artificial 
light, sunlight, and alternately In sunlight and darkness; 
(2 J on water agar, carrot decoction agar, and honeysuckle-
leaf decoction agar; (3) after being frozen, heated, and 
alternately frozen and warmed; (4) on thin layers of water 
agar which provided moisture for only a short time; (5) on 
water agara made up of different amounts of agar agar to 
provide substrata with different degrees of readily avail­
able moisture. 
Effect of Temperature on Baslodlospore 
Germination 
One of the most important factors which would be ex­
pected to influence spore germination is temperature. 
Three preliminary experiments were conducted to determine 
the approximate minimum and maximum temperatures for 
basidiospore germination. Spores were allowed to fall on 
carrot decoction agar plates from discharging basidia at 
20°C. for a period not exceeding two hours and transferred 
to different temperature chambers for twenty-four hours. 
One plate containing three separate basidiospore deposits 
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was placed at each of five different temperatures. Approxi­
mately 2,400 spores were examined during each experiment# 
No germination occurred at -5° or at 28®C. the per­
centage germination varied from 0,8 to 9.4 percent, at 5°C, 
from 59 to 67 percent, and at 18°C, from 78 to 93 percent. 
The optimum temperature for germination was determined 
by another set of experiments in which the spores, which 
were deposited on agar from discharging hasidia for a period 
not exceeding one and one-half hours, were sub.lected to 
different temperat\ire3 for periods not longer than six hours. 
This short period for germination was necessary because in 
other experiments subsequent formation of secondary spores 
had been found to produce erratic results. In each experi­
ment over 2,000 spores were examined. The optimum tempera­
ture for basidlospore germination in these experiments lay 
between 13® and 26°C. (Table 12 J. Different optimum tempera­
tures for germination of basidlospores producing germ tubes 
and those producing sporldla might result in such a wide 
optimum range. Some germination occurred at 1® and 33®C. 
in experiments 2 and 3, but these results \indoubtedly were 
influenced by the fact that the spore-bearing plates, when 
transferred to the incubators, probably would become ad-
Justed to such temperatures only after a period of time. 
Dxiring the interim the spores would have favorable conditions 
for germination# Hence the temperature range for spore 
germination probably was within the limits of 1° and 33®C. 
Exp 
no. 
1 
2 
3 
4 
5 
6 
7 
8 
12. Influence of temperature on baaldlosp ore germination. 
Percentage of germination at different temporati 
1® 7® 8® 10® 11° 13° 14° 15® 16® 17® 18° 19® 20° 
49.1 81.5 77.7 91,4 
22.7 62.6 77.9 75.0 69.7 
21.6 53.6 68.8 74,6 71.5 
44.3 48.4 68.1 72.5 66.6 
76.2 78.3 
43.7 38.2 70.0 
41.1 56.4 62.1 
1-6 5.:? 22.0 10.0 34.4 23.8 

on basidlosp ore germination. 
Percentage of germinafcion at different temperatures (Centigrade ) 
13° 14° 15° 16° 17° 18° 19° 20° 21° 22° 23° 24° 25° 26° 29° 33° 
77.7 91.4 96.3 
77.9 75.0 69.7 78.7 84.2 84.0 9.1 
68.8 74.5 71.5 75.2 84.7 53.7 10.0 
68.1 72.3 66.6 73.9 81.0 
24.6 76.2 78.3 85.4 86.8 75.6 
28.6 43.7 38.2 70.0 57.0 41.0 63.9 83.8 0.7 
25.0 41.1 56.4 62.1 50.3 52.0 7.3 
1.5 6..-5 22.0 10.0 34.4 23.8 34.0 23.5 20.5 0.7 

-06-
An experiment waa conducted to test the effect of 
storage at extreme temperatures on baaldlospore germination. 
Spores were allowed to fall on agar In Petri dishes from 
discharging basidia for eighty-five minutes and transferred 
Immediately to two incubators, one held at +35®C, and one 
at -28®C, No germination occurred at these temperatures. 
Dishes were removed at intervals from these incubators and 
placed at 20°C. to permit germination to take place. Re­
sults are recorded in Table 13. 
Table 13. Basidiospore germination after storage at 
••-350c. and -28°C. 
+36°C. : -28 0
 
0
 
%
 
Hours of 
storage 
Total no, 
spores 
examined 
Percentage 
germlno-
tlon''-
Total no. 
spores 
examined 
Percentage 
germina­
tion 
8 313 85.3 373 89.3 
11 384 52.1 343 88.3 
22 308 69.2 269 90.3 
30 234 2.6 175 58.9** 
57 200 0.0*-'^  200 0.0^  ^
"Data from average of three replicationa unless Indi­
cated otherwise. 
*^Data from one sample. 
Basidloapores were thin-walled and appeared rather 
fragile. It was interesting to find, therefore, that some 
of them were still capable of germination after sn exposxire 
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of thirty hours to temperatures of +;^5®C, and-28®C, Their 
viability deci*eased much more rapidly under exposure to 
high than to low temperatures. Although these temperature 
extremes are far beyond thbae to which the basidiospores 
would be subjected normally, the results indicate that 
basidiospores would retain their viability much longer during 
cool spring days than on hot summer ones. This would be ex­
pected Inasmuch as the germination rate is favored by moder­
ately cool temperatures and also because the rate of metabo­
lism is probably less at the lower temperatures. 
Effect of Relative Humidity on 
Basidiospore Germination 
Since natural infection seemed to occur most abundantly 
during periods of precipitation, it was assumed that a high 
relative humidity must occur before the basidiospores could 
germinate. The following experiments were run to test this 
assumption. The influence of relative humidity on basidio­
spore germination was determined by catching spores on 
either cellophane strips or glass cover slips for a period 
not exceeding one and one-fourth hours. The slips were 
then transferred for twelve to forty-eight hours to chambers 
in which the relative humidities were regulated by sulfioric 
acid solutions. Preliminary experiments indicated that the 
minimum relative humidity necessary for spore germination 
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was 97,6 percent or atove, hence this percentage was adopted 
as the minimum for all later tests. 
Table 14. Effect of relative humidity on basidiospore 
germination.*" 
Number and Relative humidity 
Exp. percentage 
no. germination 97.5^ 98.2^ 98.7^ 99.1^ 99.5^ 100.0? 
of spores 
1 Total number 800 800 800 800*"^ 800 975 
spores 
Percentage 
germination 1.0 1,0 1,0 1,0 1,0 86.7 
2 Total number 
spores 800 600^* 800 904 600** 675 
Percentage 
germination 0.0 0.0 0.0 39,9 2.0 11.0 
5 Total number 
spores 800 SOO^^* 800 595 600^ 709 
Percentage 
germination 0,0 0.0 0.0 50.9 2.0 29.0 
4 Total number 
spores*"* 600 600 600 475 600 388 
Percentage 
germination 0,0 0,0 0,0 56,0 0,0 21,4 
5 Total number 
spores 800 800 800 683 788 826 
Percentage 
germination 1,0 2,0 2,0 3,4 5,8 5,3 
*Average of four replications unless Indicated 
otherwise, 
**Average of three replications. 
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During these experiments (table 14 J most basidlospore 
germination occurred at relative humidities of 99 percent 
or higher. The range was from 97.6 to 100 percent, but very 
little germination took place below 99.1 percent. The few 
spores that germinated at relative humidities of 97.5, 
98.2 and 98,7 percent may have been stimulated by a con­
densation of moisture from the room air which entered the 
humidity units while the test slips were being placed there­
in. In only one set did germination exceed 56 percent. 
This low rate of germination may be attributed to the treat­
ment of spores preliminary to placing them in the relative 
humidity chambers. This preliminary treatment consisted of 
placing the cover slips bearing spores in dry air long 
enough to allow the visible layer of condensed moisture to 
evaporate before transferring them to the chambers. This 
short period of desiccation may have been sufficiently long 
to kill the older spores and reduce germination to the low 
percentages of these tests. 
Effect of Temperature on Conidial 
Germination 
In conjunction with the study of factors affecting 
basidlospore germination, certain of these factors were also 
tested for their effect on conidial germination. Temperature 
effect was tested by the following experiments in which plain 
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agar was used as a substratum. The temperature effect first 
waa determined in terms of percentage of spores germinating. 
Results showed that the minimum point at which germination 
took place was iDelow 2°C,, and the maximum point lay between 
33° and 40°C, The optimum temperature, however, could not 
be found accurately by this method because the percentage of 
spores germinating was consistently low. To determine this 
temperature an indirect method was therefore used, that of 
measuring the lengths of germ tubes developing at different 
temperatvirea. It should be emphasized that this method In-
volvos the effect of temperature both upon germination and 
germ tube growth. Conldla were scattered on an agar surface, 
and transferred to different incubators for four and one-
half to eight and one-half hours, after which the lengths 
of germ tubes were measured. The average germ tube lengths 
are recorded in table 15. Since germ tube development is 
essentially a continuation of the process of germination, it 
is believed that the following results more accurately Indi­
cate the effect of temperature on germination than results 
obtained by counting the number of germinating conldla. 
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Table 15, Relation of temperature to development of 
conldlal germ tubea. 
g Length of germ tubes in microns^ 
no.* 3°c. ;7°C. :i7®C.;i9°C.;2g®C. ;25°G. ;86°C. ;28°C. ;31°C.:33°C. 
• • * » • • • . • • 
10 0 60.5 121.4 0 
2 73.0 89.8 11.4 6.9 8.0 
3 61.6 74.6 61,2 45.9 
^Average of twenty-five measurements. 
The optimum temperature for germination ranged from 
22° to 25°G. In experiment 1 there apparently was no germi­
nation at 3®, 7°, and 53®C., ^ whereas in a previous paragraph 
the mlniraam was stated as being below 2®C, find the maxixaum 
between 33° and 40°C. This discrepancy is due to the fact 
that the rate of germination as well as the percentage of 
germination is low at these temperatures. Hence, it would 
often take three to four times as long for germination to 
occur at 7°C, as at 25°C., and In this experiment the time 
allowed probably was too short for any germination to occur 
at the higher and lower temperatures. 
The effect of storage at various temperatures on 
conldlal viability was tested In three experiments. 3ji the 
first of these, six-day-old conidla attached to leaves were 
placed under dry conditions at -7°C, and +25®C. The 
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percentflge of germination vfas determined at intervals by 
scraping conidia from the leaves onto 2 percent carrot 
decoction agar dishes. These dishes were held In en 18°C, 
incubator for two or more days. Results are tabulated in 
tnble 16, 
Table 16, Influence of storage at -7°C. and +26°C. on 
conldial germination. 
-7®C. : +25®C. 
Days of 
storage 
Total no. 
of spores 
Percentage : 
germination ; 
Total no, 
of spores 
Percentage 
germination 
0 125 36,0 125 36,0 
15 20 25.0 84 16.7 
30 104 10.6 200 1.0 
41 217 17.5 230 1.3 
65 226 7.1 212 2.4 
67 200 2.5 250 0,0 
The purpose and procedure of the second experiment 
were similar to the first except that conidia three to five 
days old were placed at three different temperatures. Re­
sults are recorded in table 17, 
7.-^ -
Tnblo 17, Effoct of a borage at 7.5°, 15® and 25®C. on 
conldlal germination. 
7.5°C. I 15°C. ; g5°C. 
storage "^o^sl Percent-: Total Percent-: Total Percent-
no. of age ger-: no.of age ger-: no.of age gar-
Days of 
0 250 35.2 250 30.4 250 38.4 
14 381 35.2 461 18.2 514 16.5 
28 467 24.8 1000 5.7 225 0.4 
40 216 17.1 503 2.0 407 1.7 
The results of these two experiments showed that conidia 
retained their viability longest at low temperatures. They 
rapidly lost their ability to germinate when stored at 15®C. 
and 25®C. for longer than 14-15 days, but at 7,5®C. and 
-7°C, this did not occur until after 40-41 days. 
A third experiment, similar In purpose to the last two, 
was run in a somewhat different manner# Conidlal-bearing 
leaves collected in November, 1940, from naturally infected 
Lonicera Morrowii and L. be11a albida plants on the Iowa 
State College campus were used. These leaves were separated 
into three lots. One lot in a cheesecloth bag was held in 
the laboratory (20®-25^C, ), another was held in a similar 
bag in an incubator at 7°C. , and the third lot was placed in 
a wire screen box on the ground outside the greenhouse and 
covered with a thin layer of leaves. Results are recorded 
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in table 18. 
Table 18. Effect of storage conditions on conidlal 
germination. 
Lab.(20O-25®C. j : 7 ®C. : Outdoors 
Days of 
storage 
Total 
no* 
spores 
Percent-; 
age ger-: 
mlnation: 
Total 
no. 
spores 
i'ercent-: 
age ger-: 
mlnation: 
Total 
no. 
spores 
Percent­
age ger­
mination 
0 199 13.6 199 13.6 199 13.6 
30 369 11.7 497 9.1 488 4.9 
62 584 12.0 774 18.1 585 32.8 
96 426 1.9 476 11. 3 858 22.0 
132 726 0.0 40 0.0 390 0.0 
Conidlal viability dropped to zero sometime between 
96 and 132 days of storage in this experiment. Two addi­
tional germination tests subsequent to the 132-day test gave 
the same results as the latter. These results corroborated 
those of the previous experiments, i.e., conidia remained 
viable much longer at cool than at warm temperatures. How­
ever, such spores apparently do not retain their viability 
long enou^ to survive the cold winter months of Iowa. 
An interesting contrast between conidia and basidlo-
spores is that of the retention of viability under storage 
conditions. The longevity of the latter was measurable in 
hours, but that of the former in days. Both were viable 
for the longest time at cool temperatures. 
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Effect of Light on Conldial Geralnatlon 
While studying the Influence of light on the type of 
conldial germination, data were also obtained regarding its 
Influence on the rate of germination. In this experiment 
conidia were scraped onto carrot decoction agar plates, and 
transferred to illuminated incubators which were held at 
different temperatures. One set in each incubator was 
placed in a tight coffee can to exclude light, and another 
set was left exposed to artificial light. Temperatures in­
side and outside the cans were determined and were fovind to 
be similar, but the temperatures inside the exposed plates 
were not recorded. Measurements of lengths of twenty-five 
gem tubes were taken after four and one-half hours. The 
data from this experiment are recorded in table 19« 
Table 19. Effect of light and darkness on germination and 
germ tube development of conidia at various 
temperatures. 
Type of 
exposure 
Tempera tiire 
19°C. : 22°C. ! 26°C. : 28°C. 
Light :Dark:Light sDark: Light; Dark; Li ^t; Dark 
Average length 
of tube in 
microns 41.8 61.6 76.8 74.5 46.2 61.2 8.8 45.9 
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In three cases out of four the germ tubes were shorter 
when illuminated than when not. Light seemed to have the 
greatest inhibiting effect on germ tube development at the 
higher temperatures. When compared with the average lengths 
of germ tubes developing in the dark, those in the light 
were 19.a;i shorter at 19°C. , 2.3^  longer at 22°C., 15.0;ui 
shorter at 26°C. and 37,1^ shorter at 28°C, The stunting 
effect was greater at 19® and 28®C. than at the other two 
temperatures, which were nearer the optinaim for germination. 
The germ tubes developing in the light at 28^0* were 
spherical rather then cylindrical. This same phenomenon 
was observed during other experiments, particularly at 
temperatures above 28®C, 
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INPECTION EXPERIMENTS 
When the study of this disease was initiated neither 
the type of spore Involved in infection nor the conditions 
under which such infection took place were known. It soon 
"became desirable, hoth for the sake of the basic knowledge 
involved and for the successful prosecution of other phases 
of the Investigation, to attempt to solve these two problems. 
Two minor points for Investigation later arose, the rela­
tionship of upper and lower leaf surfaces to infection and 
the resistance and susceptibility of various species and 
varieties of Lonicera and certain other genera, 
Conldla 
Infection was readily obtained with basidiospores but 
never with mycelium or conidla. Mycelium was applied to 
wounded and healthy leaves, buds and stems without success­
ful infection. The conidia were applied by spraying, 
dusting, and brushing them on leaves, buds and stems. Both 
fresh and aged conidla were used in this manner without 
success. The experiments made with conidia are briefly de­
scribed below to indicate the approaches used. All experi­
ments were conducted on young leaves of Lonicera bella 
alblda plants in the greenhouse or on plants that were 
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placed In Incubators for a period of time before being 
transferred to the greenhouse, 
Fi'esh conidia were tested first for their possible 
role in causing infection of yoiing leaves. Such conidia 
were sprayed on leaves of plants, some of which wore placed 
in moist chambers in shaded and others in sunlit locations 
in the greenhouse. Other plants were similarly treated and 
placed in moist chambers in incubators for two days at 9®, 
18°, 24®, and 32°C, Another set of plants was sprayed with 
leaf fragments bearing conidia end placed in each of the 
above locations. Infection did not result in any of these 
trials nor in any other experiment when leaves were sprayed 
with fresh conidia. 
Since fresh conidia seemed unable to bring about in­
fection on leaves it was thought possible that conidia mi^t 
not develop an infective ability until after a period of 
storage during which physiological changes could take place. 
To test this hypothesis conidia were stored at 7.5®C, and 
brushed on the lower sirrfaces of young leaves. Other 
conidia were stored first at 7.5*^ 0,, transferred to -7°G, 
and then sprayed upon plants which were placed at 15® and 
25®C, for two days. In May, 1941, loaves were sprayed with 
conidia that had been stored since November of 1940 at 7°C,, 
In the laboratory (20°-25®C, ) and outdoors on the groimd, 
and other leaves with conidia that were less than three 
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weeks old. Infection did not occur in any of these experi­
ment 3 . 
It was next thought possible that conidia might be 
responsible for overwintering of the organism by either 
Infecting dormant buds of the host in the spring or in the 
fall. The spores might germinate on the buds, grow sapro-
phytically upon the bud scales for a time and then penetrate 
the young leaves within the bud. Experiments were made, 
therefore, to test this hypothesis by methods similar to 
those used on leaves. Fresh conidia were brushed first on 
buds placed in the dark at 15° and 25®C,, and on buds placed 
in artificial light at 25°G, for four days before trans­
ferring ths plants to the greenhouse. In another experiment 
such plants were placed in dark and in artificial light at 
15® and 25^0. for five days, after which the plants in the 
dark incubator were transferred to the lighted Incubator 
at the same temperature and left with the others tintil the 
buds had developed into shoots and the leaves could be 
examined. No leaves were diseased. 
Since the application of fresh conidia did not produce 
infection of buds, other conidia were stored at various 
temperatures before applying them to buds. One sample of 
conidia, stored for two days at 7,5®C. and then transferred 
to -7®C., was dusted on buds which were placed at 15° and 
25®C, for two days and then transferred to the greenhouse. 
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In another experiment conidla that had been stored at 7,6°C. 
were brushed on healthy buds and on buds that were wounded 
slightly with a razor blade. These plants were placed at 
15® and 25°C, for three days before being transferred to the 
greenhouse. 
In none of the above trials did conldial applications 
result in more than the usual 1 to 2 percent of diseased 
leaves appearing on the checks as e result of natural in­
fection in the greenhouse. The possibility that these 
spores might give rise to basidia and basidiospores which 
could cause infection has been discussed and experimentally 
refuted in trials listed previously. The results of these 
experiments indicate that conidla may be functionless in so 
far as Infection is concerned. The results are in marked 
contrast to those obtained with basidiospores where infec­
tion occurred very easily. 
Basidiospores 
Effect of temperature on Infection. 
The ability of basidiospores to Infect honeysuckle 
leaves was discovered in preliminary experiments. Then 
arose the next problem, that of determining the Influence 
of the most important environmental factors governing 
infection. During the tests of these factors the general 
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procedure used to expose leaves to Infection was as follows: 
spores from discharging basidia on leaves were collected on 
plain agar, washed off with distilled water and sprayed on 
healthy young leaves of potted plants. These exposed plants 
were placed in moist chambers for two or thr'ee days and 
then removed to the drier environment of either a greenhouse 
bench or an Incubation chamber. The number of diseased 
leaves was recorded nineteen to thirty-two days after ex­
posure. Young leaves were obtained for each experiment by 
removing all old leaves from plants ten to fourteen days 
previous to exposure. The following temperature tests were 
made using this general procedure, and placing the sprayed 
plants in moist chambers at different temperatures for two 
or three days before transfer to the greenhouse. 
The results of seven experiments run during the winter 
and spring months of 1941 in the greenhouse are sximmarized 
in table 20, Prom five to forty-six plants were used in 
each test at each temperature. The check plants, which 
were placed in moist chambers in the greenhouse had a total 
of 521 leaves of which none became diseased. The optimum 
temperature for infection ranged from 15® to 21°G, in these 
experiments. The percentage of leaves that became infected 
decreased rapidly at temperatures either higher or lower 
than the optimum. For Instance, within the range 15® to 
18®C. more than 14 percent of the leaves became infected 
Table 20. Percentage of Lonlcera be11a albIda leaves becoming diseased after 
exposure to Infection at different temperatures. 
: • 7°''14°0, : 15°-18°C. : 19°-21°C. ; 24°-28°C. 
•Number :Per- -.Number ;Per- ;Number :Per- rNuraber :Per- :Nximber ;Per-
Exp«:2eaves tcentage:leaves ;centage:leaves rcentage:leaves :centage;leaves ;centage 
;exposed'.leaves '.exposed: leaves :exposed:leaves :exposed: leaves : exposed: leaves 
:to In- :ln- :to In- :ln- :to in- ;ln- :to in- :ln- :to in- :ln-
:fection;fected :fectlon:fected :feetlon:fected :fectlon:fected rfectlon;fected 
1 158 4.4 118 45.8 398 3.3 
2 270 16.7 171 53.2 634 5.4 
3 185 1.6 314 6.4 246 18.7 202 1.0 
4 410 4.4 106 5.7 104 7.7 98 
o
 • 
o
 
5 334 13.1 120 23.3 112 13.4 134 0.0 
6 472 1.7 440 14.1 472 8.5 334 2.1 
rft- 1330 16.4 689 23.2 634 11.2 
^Diseased leaves with discharging basldla were suspended In a moist chamber 
above the plants exposed to Infection# 
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in six out of seven experiments, whereas at warmer and 
cooler temperatures this percentage was exceeded only one 
and two times, respectively. The minlmuin and maximum 
temperatures for infection appeared to be near 1®C., and 
24° to 28°C., respectively. Usually only one lesion ap­
peared on each leaf exposed to infection at temperatures 
below or above the optimum, whereas at the optimum (15° to 
21°C, ) several lesions were ordinarily present. 
These optimijm temperatures should occur frequently at 
Ames during the spring and summer. For instance, in 1941 
during the months of April to September inclusive the 
average daily temperature at Ames fell within the optimum 
range the following number of days each month; 8, 11, 14, 
11, 12, and 19. Since there is normally a considerable 
fluctuation in daily temperatvires there were probably many 
periods during the above days when the temperatures went 
beyond the optimum limits for infection Just as there 
probably were other periods when the temperature was within 
such limits„ The most favorable periods should have occurred 
after sunset with the subsequent condensation of dew and the 
normal transition of temperatures from the high points of 
afternoon to the low ones Just previous to sunrise. During 
such a transition period the conditions should have been 
appropriate for spore germination and Invasion. 
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Relatlon between humidity and Infection. 
Field observations during the early stages of Investi­
gation of this disease had indicated that infection usually 
was associated with periods of precipitation. Preliminary 
experiments had also demonstrated that a high relative 
humidity was necessary for spore germination. It was as­
sumed, therefore, that a high relative humidity was neces­
sary for infection to occur. To test this assumption the 
following experiments were made. 
Plants were exposed to infection dtiring May and June of 
1941 by suspending leaves bearing discharging basldla over 
seedlings in three-inch pots in a moist clwmber for two 
hours. A layer of paraffine and vaseline mixture was next 
poured over the surface of the soil in the pots, which were 
then inverted over Mason quart Jars with the inverted plants 
projecting inside. The paraffin mixture formed a seal 
against diffusion of water vapor into or from the con­
tainers. Relative humidities in the jars were regulated by 
sulfuric acid solutions. Large intervals of relative humid­
ity were used to allow for the effect of transpiration on 
Increase of relative humidity in each jar. The exposed 
plants were left in these humidity chambers at 10® and 15°C, 
for two days in the first experiment and for three days in 
the second, then removed to a greenhouse bench and examined 
after eighteen to twenty-one days for number of diseased 
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leaves. The niimher of plants used at each relative humidity 
varied from two to five. None of the ninety check leaves 
became infected. 
Table 21. Percentage of leaves infected at different 
relative humidities. 
Exp. Leaves Relative humidity 
no. tested 49.9^  60.7^  70.4^  80.6'^  89.9^  100.0^  
1 Number exposed 
to infection 74 70 80 86 100 50 
Percentage 
infected 0.0 0.0 7.5 0.0 2.0 38.0 
2 Number exposed 
to infection 62 30 60 70 60 90 
Percentage 
infected 0.0 0.0 15.0 17.0 0.0 50.0 
The results of these two experiments (table 2 1 )  show 
that most infection occurred at a relative humidity of 100 
percent, although some took place as low as 70.4 percent. 
Infection at the latter relative humidity was surprising 
inasmuch as a relative humidity of over 99 percent had been 
demonstrated to be necessary for more than a 2 percent 
spore germination. This discrepancy may have been caused 
by condensation of transpiration water vapor on spores 
located near stomata. 
The length of time necessary for leaves exposed to in­
fection to remain in a saturated atmosphere before infection 
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could occur was tested by placing such plants in a moist 
chamber and removing them at intervals to a greenhouse 
bench. These experiments were made at different times from 
January to July in 1941 with one to four plants for each 
test. Examinations were made of the number of diseased 
leaves twenty to thirty-three days after exposure to infec­
tion, In no case did any of the 745 check leaves become 
infected. 
Some infection occurred within twelve hours (table 22), 
but the number of diseased leaves was increased considera­
bly by a more extended exposure to a high relative humidity. 
This statement is best substantiated by the data in experi­
ment 5, since in the other experiments the air was rather 
humid in the greenhouse and some infection probably continued 
after the exposed plants were removed from the moist chamber 
to the greenhouse bench. The greenhouse air was very dry 
on the day when the plants were removed from the moist 
chamber in experiment 5, and subsequent penetration probably 
was negligible. An exposure of three days was necessary to 
obtain infection of more than 50 percent of the leaves in 
this latter experiment, although 20 percent were infected 
after only one day's exposure. These results indicate that 
an extended period of damp weather is more conducive to 
abtmdant infection than la a short period such as twelve 
hours. 
Table 22, Percentage of diseased leaves developing on plants exposed to 
infection and placed under high humidity conditions in a moist 
chamber for varying periods of time. 
Exp. 
no. 
Temp, 
moist 
chamber* 
Number of hours in moist chamber 
Leaves 
tested 6 12-15 21-25 31-39 47-48 72-75 96 
1 15°-25°C. Number exposed to 
infection 234 374 304 236 
Percentage Infected 36.3 23.3 8.6 10.6 
2 15°-25°C. Number exposed to 
infection 390 3^ 7 334 468 322 
Percentage infected 0. 0 0.9 3.1 6.8 32.3 
5 15°-25°C. Number exposed to 
infection 310 185 327 424 
Percentage Infected 3.2 18.9 14.4 29.2 
4 20°-30°C. Number exposed to 
infection 500 660 600 500 
Percentage infected 11.0 14.5 11.7 12.2 
5 15°C. Number exposed to 
infection 314 358 622 
Percentage infected 22,9 23.7 62.7 
25°C. Number exposed to 
infection 200 532 561 
Percentage infected 20.0 43.2 51.7 
^Plants in experiments 1 to 4 placed in moist chamber in greenhouse 
{15°-30®C. ). Plants in experiment 5 placed in moist chamber in 15°C. and 25°C. 
Incubators, 
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Effect of leaf ap;e on Infection. 
The results of preliminary Infection experiments were 
somewhat erratic. It was soon discovered that there was a 
difference in the reaction of mature and young leaves to 
exposure of infection. In order to facilitate other inves­
tigations this reaction of leaves was subjected to test in 
1941. Leaves of different ages were exposed to infection 
according to the method described earlier. The numbers of 
diseased leaves were recorded thirty, twenty and twenty-two 
days after exposure, respectively, for the January, March 
and Jxme trials. 
The leaves became resistant as they matured (table 23), 
although the age at which this resistance was reached varied 
in the different experiments. This age was eighteen, twenty 
and twelve days, respectively, for the January, March and 
June exposures. In none of the experiments did infection 
occur on leaves twenty days old or older. A greater per­
centage of the younger than of the older leaves within the 
susceptible age group became Infected in all experiments. 
Some of the yoxinger leaves also had more than one lesion per 
leaf, but this was true of only a very few of the older 
leaves. 
Table 23, Relation of age of leaf after emergence from "bud to infection "by 
basidloapores. 
Date 
(1941} 
Leaves 
tested 
Age of leaf in days when exposed to Infection 
1 2 5 7 8 10 11 12 14 15 16 17 la 19 20-; 
Jan. No,exposed 
12 to infec­
tion 24 10 14 14 24 76 
Percentage 
Infected 4.2 10.0 14.3 0.0 0.0 0. 
Mar. Ko.exposed 
20 to Infec­
tion 41 49 38 86 30 110 76 
Percentage 
infected 46.3 79.6 89.5 72.1 43.3 17.3 0. 
June No.exposed 
6 to ii'.fec-
tion 19 2 10 2 76 16 12 16 198 
Percentage 
Infected 31.6 50. 0 60.0 50.0 7.9 0.0 0.0 0.0 0. 
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helative Influence of upper and lawer leal" surfaces on 
Infection. 
As a continuation of the studies on relation of leaf 
condition to infection three experiments were run to deter­
mine whether penetration could occur through both the upper 
and lower leaf surfaces. These two surfaces had been found 
to differ morphologically in that the upper surface possessed 
a relatively thick cuticle and lacked stomata, whereas the 
lower surface had a thin cuticle find many stomata. 
The leaves were exposed to infection In experiments 1 
and 2 by spraying a spore suspension on one loaf surface 
while the other surface vma covered, and in experiment 7> by 
brushing a spore suspension on the leaves. The diseased 
leaves were counted twenty-two to twenty-six days after be­
ginning^ the experiment and are recorded in table 24. None 
of the twenty-eii^ht check loaves became diseased. 
Penetration took place through both surfaces in all 
three experiments, but occurred more frequently throiif^h the 
lov/er than the upper surface. Since the plants were in a 
moist chamber the spores on both sides of the leaves must 
have been surrounded by air of the same degree of relative 
humidity. Therefore, a difference in the latter could 
hardly account for the differential infection. The snores 
on the upper surface should have been exposed to more sun­
light than those on the lower surface, however, even though 
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the plants were In a soml-dark moist chamber, Such li.-rht 
may >Tave been somewhat detrimentnl to spore germination and 
penetration. It is probable, however, that a thicker cuti­
cle on the upper surface and possibly a trxick upper epidermal 
v;all played a more Important part In decrensln/r infection 
than either the absence of stomata or s greater degree of 
sunlight. 
Table 24, Relative influence of upper and lower leaf 
surfaces on infection. 
Exp. 
Leaves tested 
Surface exposed to infection 
no. Tipper Lower 
1 Number exposed to 
infection 
Percentage diseased 
7^ 7 
ir^.b 
48 
.*^1.2 
2 Number exposed to 
infection 
Percentage diseased 
72 
18.1 
59 
27.1 
5 Number exposed to 
infection 
Percentage diseased 
128 
32.0 
151 
49.0 
The datp olso provide informetion on the means of 
penetration by basidiospore germ tubes, whether directly 
through the epidermis or through the stomata. On the bnsis 
of the data given above a possible penetration throup:h 
stomata on the lower surface cannot be eliminated from con­
sideration, but the fact that from 27.1 percent to 4P.0 
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percent of leaves were infected by ploclnf^ spores on the 
stomatnl-free upper surfnce Indicates that some penetration 
can occur directly. 
Evidence of resistance nnd susceptibility. 
While makln.t^ field observations in and 1P40 on 
the extent and location of naturally infected leaves, b 
considerable variation was noticed in the number of diseased 
leaves on different varieties and species of Lonicero. To 
determine whether differences in resistance were present 
under similar conditions of exposure to infection several 
varieties and species of Lonicera and related {genera, which 
had been raised from cuttings in the n;reenhou3e, v^ere ex­
posed to infection with basidiospores at Intervals during 
the winter, spring and summer months in 1940-41. All the 
leaves were removed from these plants about ten days previ­
ous to such exposure to Insure each leaf being of a sus­
ceptible age. Spores were sprayed on the leaves and the 
plants v/ere examined after nineteen to thirty days for the 
number of diseased leaves. The number of plants used varied 
from one to foiirteen in the five testa, Dntn collected 
from these experiments are recorded in table 26. 
Species nnd varieties that were consistently suscepti­
ble to Infection by basidiospores were Lonicera muendenlen-
ais. L, prolifera, L. Morrow!i, L. tatarlca. L, bella 
Table 25, Relative susceptibility of 
Name of plants 
Lonlcera be11a 
Lonieera be11a alblda 
Lonicera bella atrorosea 
Lonlcei^ bella Candida 
Lonlcei^ dlolea 
Lonieera gracillpes 
LonieeriT ^ aponlca Halliana (D,jNi( 
Lonicera NIaacki 
Lonlcer'a minutlflora 
^onlcera Morrow11 
Lonlcergi muendenTens is 
Lonlcera notha carnea 
liOnlcei^ prollfera 
^nlcera prostrate 
LonlcereT sempervlrens 
Lonlcei^ tatarlca 
Lonlcera tatarlca anKustlfolia 
Lonlcera tatarlca fenzlll 
Lonlcera tatarlca paliens 
^nlcera tatarlca latlfolla 
Cornus "stolonlfera Mich. 
Symphorlcarpos albua 
Symphorlcarpoa orblculatus Moench 
VlbtirniMi a pp. 
species and varieties of Lonlcera, Comus, Symphorlcarpos 
No. leaves 
exposed to 
infection 
Percentage: 
leaves : 
Infected : 
No. leaves 
exposed to 
infection 
• Percentage; 
leaves : 
Infected ; 
No. ] 
expos 
infec 
100 37.0 1( 
150 11.5 170 8.8 1] 
65 23.6 120 19.2 ] 
50 60.0 210 12.4 1? 
-
— 80 0.0 -
90 0.0 140 1.4 If 
1?5 0.0 280 0.0 21 
18 11.1 - - • 
30 0.0 150 34.7 ( 
185 8.1 150 35.3 1' 
100 14.0 172 44.2 1^ 
50 16.0 135 45.9 1 4 
35 22.9 - - 11 
95 38.9 • 
80 0.0 145 3.4 1! 
65 18.5 170 52.9 1 
42 11.9 106 33.0 
70 20.0 92 46.7 ' 
35 17.1 118 12.7 1 
20 0.0 - — 1 ) 
115 0.9 200 0.0 2 
120 0.0 400 0.0 S 
- 32 0.0 

^onicera, Comua, Symphoricarpos and Viburnum. 
Experiment nvunber 
2 i 3 I 4 I 5 
leaves Percentage: No. leaves Percentage; No. leaves Percentage: No. leaves Percentage 
exposed to 
infection 
leaves 
infected 
: exposed to 
; infection 
leaves 
infected 
; exposed to 
; Infection 
leaves 
infected 
: exposed to 
: infection 
leaves 
infecti 
100 56.0 286 55.9 
170 8.8 116 23.3 - - 342 48.5 
120 19.2 15 40.0 72 30.6 172 20.3 
210 12.4 130 36.9 96 79.2 276 63.8 
80 0.0 - - - - 150 1.3 
140 1.4 180 0.0 34 0.0 90 0.0 
280 0.0 275 0.0 - - - -
150 34.7 86 23.3 320 45.6 412 22.1 
160 35.3 175 38.3 270 59.3 300 75.3 
172 44.2 145 37.9 450 61.3 282 36.2 
135 45.9 50 19.0 - - 200 17.5 
- 100 26.0 132 54.5 - -
95 38.9 - - - - 80 28.8 
145 3.4 128 10.9 20 15.0 146 6.8 
170 52.9 140 30.7 200 60.0 234 28.2 
106 33.0 - - 130 33.1 170 5.9 
92 46.7 94 55.3 86 45.3 64 18.8 
118 12.7 150 39.3 - - 300 16.7 
- 80 20.8 - - - -
- > - 30 0.0 - -
200 0.0 225 0.9 325 8.3 400 0.0 
400 0.0 300 0.0 400 0.0 400 0.0 
32 0.0 35 0.0 - - 22 0.0 
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(hytirli betwean the two procoding specios J md varieties of 
the Inst tv/o speuies. Those exhibiting some doif^ree of 
resistance v/ere diolca. L. p;racllipea , and se.Tipervi-
rens. Lonlcera .Ifiponlca IIolliana never was infected durintc 
these (table 2ij J and four other trials, and no Infection 
W03 ever observed on several plants growing in t lie open 
near other susceptible species. An interesting contrast to 
the apparent inraunity of .laponica lialllana was the sus­
ceptibility of a Ttiomber of «=5 different genus, .Symnhoricarpos 
albus (Snov.'berry j. This plant was Infected in three experi­
ments listed here and in another one not listed. The 
diseased leaves developed typical basidia nnd basidiospores 
on the lower surface when placed in a moist chamber. It 
never has been found naturally diseased however. The closely 
related species ^ orblculatus (Coralberryj was not infected 
in any of the experiments. 
DISCUSSION 
A3 a result of those investif^atlons n new name, rierpo-
baaldlum follodlstortiun, is proposed for the patho,c;en. Such 
a step is necessitated by the discovery of a perfect or 
"baaidial stage which may give rise to the imperfect sta^^e, 
previpusly called Cjlomerularia lonicerae. Characteristics 
of the perfect stage indicate tiiat it is a member of the 
genus iierpobasidium, of the family Auricularlaceae. The 
reasons have been given for conaiderlnr^ the pathogen a species 
distinct from the other tv/o members of the genus, fill-
cinum and struthiopteridls. The specific name of the new 
ilerpobasidlum, f ollodls tor txim» was chosen to indicate the 
rolled and t^visted nature of the leaves infected by It. 
One of the most interesting results of this study is 
the fact that basiodiospores and not conidls cause infection. 
The uninucleate nature of the former and the binucleate 
nature of the latter may well be associated with this dif­
ference. This lack of infective ability of conidia to­
gether v/lth their spasmodic apnearance in culture and in 
nature might be considered sufficient grounds to assume that 
the basiodiospores and conidia represent two distinct fungi. 
The following facts, however, support a connection be­
tween the two spore forms. First, conidln developed in 
nrtlficial ijultiu^e from niri-le of 3ln:;le 'baaldio-
aporea, maosea of basidiospores, conidia and l-^af fra^gments. 
T^ie doveloptnent of oonirlla from sin^lo basidiospores is the 
f^ict of most: Importance in this set of e:xperlments. .Second, 
basidin nnd conidia developed from mycelia of the some size, 
shape, color, and septation in leaves. In addition, and 
moat Important, is the fact thnt the mycells in both cases 
were binucleato. These facts appear sufficiently strong to 
tentatively connect the two stages, Absolute proof v/ould be 
the development of bosidle by conidia1 isolates in culture or 
an Infection by conidin giving rise to basidia on leaves. 
The conidia appeared spasmodically, both on diseased 
leaves and in artificial culture. In nature tliey occurred 
most abundantly on diseased leaves with old infections, in 
moist locations and during the fall months. Experimental 
trials failed to reveal any function for this spore stage. 
Fresh and aged conidia v/ere applied to honeysuckle leaves 
and buds under various environmental conditions without re­
sulting in infection. This was particularly disturbing 
because of the ease with which basidiospores had brought 
about infection. 
Such binucleate and thick-walled structures as these 
might be expected to represent the over-winterin(r stage, 
bringing about infection the following spring. Such a pos­
sibility is more or less eliminated, however, by the fact 
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that bhey did not overwinter at Ames in 1939-40 nnd olao 
failed to survive long in other experiments. Likewise it is 
doubtful that such overwintering, if it did occur, would 
physiologically chanp;e the spores in such o way that they 
could oring about infection on honeysuckles In the spring 
when they failed to do so in the fall. In addition, if the 
conldla were the means of over'winterlng, then the first 
leaves to be Infected In the spring should be the ones 
nearest the conidlal-bearlng leaves on the gro^md. The first 
leaves to appear diseased in the spring, however, were some­
what more frequent on upper rather than on lov/er branches. 
These first diseased leaves usually developed on shoots which 
had been severely diseased the previous fall. 
The inability of the conldla to cause infection of 
honeysuckles, at least under the conditions of these experi­
ments, is particularly interesting in view of certain results 
obtained by Buddin and Wakefield (3) with a species of 
Hellcobasldlum, a genus very closely related to Ilerpobasidium. 
They have described the development In culture of single, 
globose, blnucleate conldla from single-basidlospore iso­
lates of Hellcobasldlum purpureum (Tul. j Pat. and mycelial 
Isolates of Rhlzoctonla Crocorum (Pers. j DC. Their evidence 
indicates that the former fungus is the perfect stage of the 
Rhlzoctonla, The conldla appear to belong to the genus 
Tubercalina of which several species are parasites of rusts. 
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They f'oiind that n conidinl-forminf^ stroin of the Rhizoctonla 
wns leas virulently parasitic than n sterile str'^ln. Slinllnr 
results were achieved with ilellcobasldlum, v^here conldlGl-
formlng strains produced no Infection but sterile strains 
did. 
The Lonlcera-pathogen conldia are also unique in certain 
characteristics other than their non-lnfeotivo ability. For 
instance, only the outer spores normally germinated. This 
may be related to a difference in the nuclei of the outer and 
other spores. All spores were binucleate, but with the Iron-
heraatoxylln stain the nuclei in the outer spores appeared 
small and dense, whereas in the other spores they were about 
twice as large and not nearly as dense. This reaction of 
nuclei to the stain, however, may only be a matter of stage 
of development, A more plausible explanation may be that 
food reserves are more highly concentrated In the outer 
spores, which were the last to form. Such a possibility is 
suggested by the fact that the outer spores took a darker 
stain than did the others. 
Martin (16j described conld3a of Platygloea Penlophorae 
B. .H: G., another of the Aurlcularlaceae, '-'/hose development 
resembles somewhat that of this pathogen. His statement 
(p. 690j is as follows: 
. . , the groups of basidla tend to occur In loose, 
one-sldod, cymose clusters. Some of the basidla in 
such clusters foil to develop fully end become trans­
formed into coniniophores which produce Irregularly 
globose, nearly sessile conldla. 
It was not possible to determine any pnrtlculor func­
tion for the cellular masses in epidermal cells. The 
presence of hyphae in the other cells can be explained by 
the fact that they probably pass throuf-;h such cells in pene­
trating from the xylem to the intercellulnr spaces. The 
epidermal hyphnl masses mli^^ht represent a modified subiculum, 
but this seems improbable because they never were observed 
to develop basldic, whereas a subiculum normally does. An­
other possible function la that they are Immature sclerotla 
v/hlch carry the organism over the winter and develop spores, 
such as bnsidiospores, the followlnp; snrlno:, thus developing 
a source of primarily inoculum. If this were the case, then 
the first leaves to be infected in the spring should be 
those nearest the overv/intered diseased leaves on the ground. 
It has been stated previously, however, that the first 
leaves to become diseased were ordinarily scattered over the 
bush. This leaves the cellular hyphal masses without any 
known or plausible function. 
The means by v/hich the pathogen overwinters has not been 
determined experimentally. The following observations, how­
ever, indicate that bssidiospores initiate the over/Jinberin^i; 
phase by prcducln^j; infection of dormnnt buds in the fall. 
This belief is supported by the following observations; (IJ 
some of the first shoots produced in the spring were diseased; 
(2 j all leaves on such shoots were diseased, a condition not 
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found on later shoots; and (.?J such diseased shoots were on 
branches that had been the most severely diseased the pre­
ceding year, rather than beln;:^ al^mys near the ground. 
Bud infection inirjht result either directly from basidio­
spores or by mycelium penetrating down the petiole of a 
diseased leaf and thence into the bud. The nrgviment against 
the latter possibility is based upon the fact that diseased 
petioles have never been found, either in the greenhouse or 
in the field. It appears, therefore, that the overwintering 
stage is probably initiated in the fall by basldiospore in­
fection of a fev/ dormant buds and the leaves arising from 
such buds in the spring are the source of primary Inoculum, 
This suggests a possible method of control. Removal of 
these first diseased shoots should eliminate or drastically 
reduce the amount of Inoculum available locally for later 
Infection, 
The development of resistance to infection of honeysuckle 
leaves as they matured, the shorter period of susceDtibillty 
of developing leaves in June as compared with leaves in 
January in 1941, and the greater resistance of upper leaf 
siirfaces than of lower surfaces of the same age Tiay possibly 
be e;xplalned by the development of a thicker wall and heavier 
cutln denoslt. Melnnder and Crnipiie (17 J, for Instance, 
have shown ttiat the resistance to basidiospores of i-'uccinla 
p;ramlnls Pers. developed in barberry leaves with increasing 
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age can be explained by n thlckenlnf?; of the outer epidermal 
wall. They also found tliat leaves of the immune type of 
bnrberry such ss Berberia Thunbor/"^!! DC,, hod thicker outer 
walla of the epidermal cells and were moat resistant to 
puncture than those of susceptiole species, it would be 
interesting: to determine whether the one honeysuckle foxind 
to be immune to Herpobaaidlum foliodlatortum, Lonicera 
.laponica Halleann. also possessed this structural resistance. 
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The cauafil «v,ent of honeysuckle leaf blight is de­
scribed tentatively aa la new species of the p^snus Herpoba-
sidium, namely f ollodj abortuTn. 
The disease appeared in the spring on o few of the 
first leaves to develop. Secondary infections ususlly 
occurred on some of the new leaves formed at intervals dur­
ing the remainder of the sprin/^ and summer. 
Diseased leaf areas first appeared yellov;-<;^reen, later 
becoming brown and finally brownish-black in color. Diseased 
leaves, as they matured, usually became rolled and twisted. 
The margin of the diseased portion was indefinite at first 
but later became more definite as necrosis develooed and the 
diseased portion dried up. 
Two sif.ns of the fundus developed, t?ie earliest being a 
thin white layer of basidla and basidiospores which was 
often, but not always, followed by a white powdery moss of 
conidla. 
The host range v/as extended to include thirty-five 
species and varieties of Lonicera and a member of a related 
genus, Symphoricarpos albus. 
The geo.^raphlc ran/^e, based on observations and reports 
in the literature, now is know to cover the northeastern 
and north central parts of the United States, od,1acent areas 
of Canado and Newfoundlnnd, 
Histological investigations revealed that mycelium A p ­
parently grew into the xylem tissues nt nn enrly stap-.e nnd 
spread Iflterelly nnd longitudinally throu/rhout the trachelds. 
These intra-tracheid hyphae then grew into the intercellular 
spaces, apparently passing throuf^h the border parenchyma 
cells enroute. 
Some hyphae, after "becoming Intercellular, penetrated 
into the upper epidermal cells, giving rise to cellular 
hyphal masses v/hich eventually ruptured the epidermal wall 
and projected into the air. Spores v;ere observed neither 
within these structures nor attached to the protruding hyphae. 
The cellular hyphol masses and the intercellulnr hyphoe belov; 
them were binucleate throughout all stages of development. 
Binucleate basidia arose from binucleate mycelium in 
sub-stomatsl cavities and emerged through stomata under 
favorable environmental conditions about the time the tan 
disease staple developed. The bosldia were straight nnd 
cylindrical at first, later becoming curved and transversely 
septate. They measured 2,r^-5.8;j x 14.0-.'^5.1^. Temperatures 
of J2-1S°C, and relative humiditios of 09.9-100 percent 
favored their formation, 
deduction division apparently occurred in the basidium, 
giving rise to four uninucleate cells, upon which developed 
conical sterigmata measuring 1,9-4.7^1 x 7.0-16. 
One uninucleate, hyaline and cylindrical basidiospore 
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was formed on each sterif-^ata and forcefully dlsohar-Red at 
maturity. The sporea measured b.2-7,5px B,9"12»9ja, 
Most basidiospore discharge occurred at relative humidi­
ties of B9.9 and 100 percent nnd temperatures of 14° to 21°C. 
Basidioaporea were diachsrgod longer, however, at a tempera­
ture of 11°C. than at hlp:her temperatures. The minimum pnd 
maximum temperstures vere about 1° and ?7°C. respectively 
for basidiospore discharfje. 
Baaidlospores germinated by germ tubes or sporidia. 
Secondary spores similar in shape but smaller than basidio-
sporsa often developed on sterigmate-like outgrowths from 
the basidiospores and germinated by t^erm tubes or sporidia. 
Conditions favoring basidiospore tiermination were rela­
tive humidities of 99 to 100 percent and temperatures of 
18^ to 26°G, with a minimum and maximum of nbout 1° and 
respectively. 
Conidia formed in or ad,jacent to areas of basidial for­
mation on binucleate mycelium similar in size and shape to 
that 'Which had produced basidia. Binucleate conidiophores 
emerged  th rough  s tomata  end  by  a  p rogress ive  budd ing  g a v e  
rise to six binucleate conidla. Pour of the conid5a T/ere 
spherical and arranged in pairs on stalks, and the otaer two 
were elongated, sessile, and produced at the junction of the 
two stalks. A protuberance often formed near the base of 
the conidiophore and developed into another stalk and clump 
of conidia. 
Gonidiophores rnn^ed in size from 2.7-b.l^ in width at 
the top, 5.8-8,5;a in width at the bottom and .'^0.6-54.4^ in 
length. The outer conidla measured 10.2-17. C^, the inner 
R.5-l.'^.6^ nnd the elongated 5.1-13.6^ x 11.9-22. lju. 
Conditions favorinf!; conidinl formation were temperatures 
of 8° to 18°C, nnd advanced statues of infection. Alternating 
temperatures and drying of diseased plants did not appear to 
affect conidial formation. 
The two outer spores of each conidial clump were almost 
invariably the only ones that /germinated. This took place 
by formation of blnucleate germ tubes. The nuclei and cyto­
plasm of 3uch spores wore stained darker with iron-hem&to-
xylin than were those of the other spores. 
Minimum, optimum nnd maximum temperatures for conidial 
germination were about 2^, 22^^-25°, and , respec­
tively. Exposure to lls;ht decreased germination. Conidla 
retained their viability much longer under cool temperatures 
such as -7° and +7°C. than at warmer temperatures such as 
25°C. 
The pathogen grew on artificial meaia, althou/^h rather 
slowly. It was Isolated by plating leaf fragments, single 
basidlospores, masses of bssldiospores and conldia on nutri­
ent agar. All Isolates exhibited similar growth in culture 
with the exception that single basidlospores developed much 
more slowly than the others. Mycelium was hyaline, septate, 
occasionally branched without clamp connections and rnnged 
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in from 1,4 to with nn average of 2 . 2 ) x »  It WHS 
white to a very lii^ht tan in mass. 
Basidlfl were never formef? on mycelia in nrtificinl 
media, Conidia, however, developed in cultures arising 
from diseased loaf fragments, oonidia, masses of basidio-
spores and single basidiospores. 
Mycelia in leaf tissues which gave rise to conidia re­
sembled in si.ze, shape and color that which formed basidia. 
Of particular importance was the fact that Doth mycelia were 
also binucloate. These facts, and that of the development 
of conidia in culture from single basidiospore isolates, show 
that the two types of spores are probably different forms of 
the same organism. However, it is recognized tliat to date it 
has not been possible to -generate in culture or on the host 
the perfect stage from the imperfect. 
The viability of mycelium in culture decreased rapidly 
upon drying and exposure to hJc^h temperatures. It was still 
viable at 10°C. after 147 days, but had lost its viability 
at within 1:5 days. 
Infection of host plants followed exposure to basidio­
spores. Conditions favorin^'i infection vvere temperatures of 
15° to 21°C. , rel>itjve humidity near or at ICQ nercent, 
sustained periods of high humidity for two or more days, 
the use of young leaves and of lower leaf surfaces. Minimum 
and maximum temperatures for infection were approximately 
1°C. and 85-fi3°C, respect.ively, 
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Conidin fnllod to Infect honeysuckles under numerous 
and varied conditions. 
Infection experiments indicated n considerable varia­
tion in host resistance. The variety. Halllann, of the 
species Lonlcera .Japonica appeared to be immune. 
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